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A l b i n o r a t s deve lop severe r e t i n a l d e g e n e r a t i o n 
f o l l o w i n g exposure to cont inuous i l l u m i n a t i o n . D e s p i t e 
a complete l o s s o f p h o t o r e c e p t o r c e l l s of the r e t i n a , 
b e h a v i o r a l experiments conf irm t h a t t h e s e an imals r e t a i n 
f u n c t i o n a l v i s i o n . The t r a n s f e r of v i s u a l i n f o r m a t i o n from 
the r e t i n a to the c e n t r a l nervous system i n animals l a c k i n g 
r e c e p t o r c e l l s has not been e s t a b l i s h e d . Whi le such a c o n ­
c l u s i o n may r e a s o n a b l y be i n f e r r e d on the b a s i s of the 
b e h a v i o r a l work, evoked a c t i v i t y recorded from s i n g l e 
neurons w i t h i n the v i s u a l system of an imals whose r e t i n a s 
l a c k p h o t o r e c e p t o r c e l l s would be n e c e s s a r y to e s t a b l i s h 
f u n c t i o n a l v i s i o n . U t i l i z i n g e l e c t r o p h y s i o l o g i c a l methods 
the p r e s e n t s tudy was des igned to a s s e s s the s t a t u s of 
s i n g l e neurons w i t h i n the v i s u a l system of normal r e t i n a l 
r a t s and more i m p o r t a n t l y , i n r a t s whose r e t i n a s were 
devo id of p h o t o r e c e p t o r c e l l s . 
M i c r o e l e c t r o d e r e c o r d i n g t e c h n i q u e s and h i s t o g r a m 
a n a l y s i s methods were used to compare the response p r o p e r ­
t i e s of neurons i n the v i s u a l system of normal r e t i n a r a t s 
and r a t s w i th e x t e n s i v e r e t i n a l damage to v i s u a l s t i m u l a ­
t i o n . A schema f o r the c l a s s i f i c a t i o n o f l a t e r a l g e n i c u l a t e 
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N U C L E I ( L G N ) C E L L S F R O M A N I M A L S W I T H I N T A C T R E T I N A S W A S 
D E V E L O P E D A C C O R D I N G T O T H E D I S T I N C T I V E F E A T U R E S O F T H E 
R E S P O N S E P A T T E R N H I S T O G R A M S . T H E L G N C E L L S F R O M T H E C O N T R O L 
A N I M A L S W E R E D I V I D E D I N T O T H R E E C A T E G O R I E S : S I M P L E - O N ; 
S I M P L E - O F F ; A N D C O M P L E X . M O R E I M P O R T A N T L Y , V I S U A L S I G N A L S 
T R A N S F E R R I N G F R O M T H E R E T I N A T O T H E C E N T R A L N E R V O U S S Y S T E M I N 
D E G E N E R A T E R E T I N A A N I M A L S W A S R E C O R D E D . H O W E V E R , A L L O F 
T H E L G N C E L L S R E C O R D E D F R O M T H E E X P E R I M E N T A L A N I M A L S W I T H 
R E T I N A L D A M A G E D I S P L A Y E D R E S P O N S E P A T T E R N S T H A T W E R E C H A R ­
A C T E R I S T I C O F T H E N O R M A L C O M P L E X C E L L T Y P E . T H E R E A S O N S 
F O R S U C H D I F F E R E N C E S B E T W E E N A N I M A L G R O U P S W E R E L E F T F O R 
L A T E R E X P E R I M E N T O R S T O D E T E R M I N E , 
A D E T A I L E D E X P L A N A T I O N O F T H E V I S U A L P A T H W A Y S ; 
R E C E P T I V E F I E L D S ; R E T I N A L D E G E N E R A T I O N ; B E H A V I O R A L A N D 
N E U R O P H Y S I O L O G I C A L I N D I C E S ; A N D A P R O P O S E D M O D E L F O R T H E 
L A T E R A L G E N I C U L A T E N U C L E U S C A N B E F O U N D I N C H A P T E R 2 . 
C H A P T E R 3, M E T H O D S A N D P R O C E D U R E S D E T A I L S T H E R E C O R D I N G 
P R O C E D U R E S , T H E S T I M U L A T I O N T E C H N I Q U E S A N D T H E D A T A 
A N A L Y S I S A N D A C Q U I S I T I O N T E C H N I Q U E S . E X A M P L E S O F T H E 
R E S P O N S E P A T T E R N S O F E A C H C E L L T Y P E A R E P R E S E N T E D I N 
C H A P T E R 4 , R E S U L T S . F I N A L L Y , A N O V E R V I E W O F T H E R E S P O N S E 
P A T T E R N S I S P R E S E N T E D I N C H A P T E R 5, D I S C U S S I O N . 
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CHAPTER I I 
L I T E R A T U R E R E V I E W 
V I S U A L PATHWAYS 
THE N E R V O U S L A Y E R OF THE E Y E ( S E E P I G 1 ) I S THE 
R E T I N A . THE R E T I N A I S A C O M P L E X , T E N - L A Y E R E D STRUCTURE 
( S E E P I G 2 ) D E R I V E D E M B R Y O L O G I C A L L Y FROM THE CENTRAL 
N E R V O U S S Y S T E M . I N MAMMALS, THE MAJOR NEURAL COMPONENTS 
OF THE R E T I N A C O N S I S T OF THE PHOTORECEPTOR C E L L S , THE 
B I P O L A R C E L L S , AND THE GANGLION C E L L S . THE R E C E P T O R C E L L S 
OF THE R E T I N A , CONE SHAPED AND ROD S H A P E D , ARE LOCATED 
N E A R E S T THE C H O R I O I D . THE B A S A L P O R T I O N S OF THE R E C E P T O R 
C E L L S E S T A B L I S H S Y N A P T I C CONNECTIONS W I T H THE P R O C E S S E S 
OF THE B I P O L A R C E L L S . THE B I P O L A R C E L L S , I N T U R N , S Y N A P S E 
W I T H THE GANGLION C E L L S . S U B S E Q U E N T L Y , THE AXONS OF THE 
GANGLION C E L L S CONVERGE TO FORM THE O P T I C N E R V E AND P I E R C E 
THE C H O R I O I D AND S C L E R A L COATS OF THE E Y E B A L L . I N A D D I T I O N , 
THE R E T I N A CONTAINS NUMEROUS HORIZONTAL AND AMACRINE C E L L S 
THAT S E R V E A S I N T E R N E U R O N S TO I N T E G R A T E R E T I N A L F U N C T I O N S . 
F I N A L L Y , A S U P P O R T I V E ELEMENT OF THE R E T I N A , THE M U L L E R 
C E L L S , F U R N I S H GLUCOSE TO THE N E R V E C E L L S AND ARE A B L E TO 
S Y N T H E S I Z E AND STORE GLYCOGEN. 
W I T H I N THE P R I M A T E V I S U A L S Y S T E M EACH O P T I C N E R V E 
E N T E R S THE C R A N I A L A C V I T Y AND CONVERGES AT THE O P T I C C H I A S M . 
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Here , the f i b e r s from the n a s a l s i d e of each r e t i n a 
d e c u s s a t e and e n t e r the c o n t r a l a t e r a l o p t i c t r a c t , whi le 
the f i b e r s from the temporal h a l f of each r e t i n a cont inue 
i n t o the i p s a l a t e r a l o p t i c t r a c t . Thus, each o p t i c t r a c t 
c o n t a i n s f i b e r s o r i g i n a t i n g from the i p s a l a t e r a l temporal 
r e t i n a and the c o n t r a l a t e r a l n a s a l r e t i n a . F i b e r s from 
each o p t i c t r a c t t erminate i n the i p s a l a t e r a l tha lamus . 
The s p e c i f i c tha lamic r e l a y n u c l e u s f o r the v i s u a l pathway 
i s the l a t e r a l geniculate body, iom< o p t i c bract f i b e r s 
t e r m i n a t e i n the p r e t e c t a l n u c l e i and the s u p e r i o r 
c o l l i c u l i . The l a t t e r two n u c l e a r zones are b e l i e v e d t o 
be i n v o l v e d i n p u p i l l a r y r e f l e x e s and the c o n t r o l of eye 
movements. P r o j e c t i o n c e l l s i n the l a t e r a l g e n i c u l a t e 
n u c l e i g i v e r i s e to the o p t i c r a d i a t i o n ( o r g e n i c u l o -
c a l c a r i n e t r a c t ) , which p r o j e c t s t o the primary v i s u a l 
c o r t e x l o c a t e d i n the o c c i p i t a l l o b e . V i s u a l i n f o r m a t i o n 
a l s o reaches the v i s u a l a s s o c i a t i o n c o r t e x , which surrounds 
the primary v i s u a l a r e a . The r a t v i s u a l system i s b e l i e v e d 
t o be s i m i l a r t o the pr imate v i s u a l system, a l t h o u g h the 
a n a t o m i c a l c o n n e c t i o n s have not been as e x t e n s i v e l y s t u d i e d . 
There are a t l e a s t two major neurona l pathways w i t h ­
i n the r e t i n a by which v i s u a l i n f o r m a t i o n can be t r a n s m i t t e d 
t o the c e n t r a l nervous system. In mammals, one pathway 
c o n t a i n i n g few neurons , a l l o w s f o r r a p i d t r a n s m i s s i o n of 
i n f o r m a t i o n through the r e t i n a to the c e n t r a l nervous 
H o r i z o n t a l s e c t i o n o f the primate 
eye showing rays of l i g h t be ing 
f o c u s e d upon the r e t i n a . ( F i g 1 
from W a l l , The V e r t e b r a t e Eye, Bloom 
f i e l d H i l l s , M i c h . , Cranbrook I n s t , 
of S c i e n c e ; f o r f u r t h e r r e f e r e n c e se 
Ruch and P a t t o n , P h y s i o l o g y and B i o ­
p h y s i c s , pg . 4 0 1 , 1 9 6 6 ) . 
F i g u r e 1 . P h y s i c a l S t r u c t u r e of the Eye 
CHOROLD BrucKs membrane r̂j pigment epithelium. 
. outes '
L ̂ > Segment of innr ̂  rod £ cone layer outer limiting membrane outer nuclear layer 
>-outer plexiform layer 
_̂ inner nuclear layer (bipolar cel .bodies) 
inner plexiform. layer 
- qancslion cels \_ layer o£ optic nerve fibers inner limiting membrane 
Functional anatomy of the retina based on a Golgi impregnation stain. The principal cell types and their synaptic relations are shown. Various cell types include: c: horizontal cells d, e, f: diffuse bipolar cells m, n, o, p, r, s: ganglion cells (Fig 2 from Polyak, The Retina, Chicago, University of Chicago Press; for further reference see Ruch and Patton, Physiology and Biophysics, pg. 423, 1966). 
Figure 2. Structure of the Retina 
S Y S T E M . THE PATHWAY FROM ONE PHOTORECEPTOR C E L L TO ONE 
B I P O L A R C E L L , TO ONE GANGLION C E L L ALLOWS A M I N I M A L AMOUNT 
OF I N T E R A C T I O N OF I N F O R M A T I O N W I T H I N THE R E T I N A . A SECOND 
I N D I R E C T PATHWAY I S MARKED B Y A CONVERGENCE OF MANY R E C E P ­
TORS ONTO B I P O L A R C E L L S AND OF MANY B I P O L A R C E L L S UPON 
GANGLION C E L L S . CONVERGENCE I S A NEURAL S U B S T R A T E FOR AN 
I N T E R A C T I O N OF S T R E A M S OF I M P U L S E S THAT R E S U L T I N F A C I L I ­
T A T I O N AND I N H I B I T I O N PHENOMENA. T H I S ARRANGEMENT A F F O R D S 
A B A S I S FOR THE R E C E P T O R S OF A R E T I N A L R E G I O N TO I N T E R A C T 
AT THE B I P O L A R AND GANGLION C E L L L E V E L . SLOWER T R A N S ­
M I S S I O N AND G R E A T E R M O D I F I C A T I O N OF I N F O R M A T I O N CHARACTER­
I Z E THE I N D I R E C T PATHWAY. I N T E R A C T I O N I S F U R T H E R F A C I L I ­
TATED B Y A S Y S T E M OF I N T R A R E T I N A L A S S O C I A T I V E N E U R O N S , 
THE HORIZONTAL AND ARAACRINE C E L L S . 
R E C E P T I V E F I E L D S 
THE R E C E P T I V E F I E L D OF A R E T I N A L GANGL ION C E L L I S 
D E F I N E D A S THE P O R T I O N OF THE V I S U A L F I E L D FROM W H I C H THE 
D I S C H A R G E OF THE GANGLION C E L L CAN B E I N C R E A S E D OR D E ­
C R E A S E D ( H A R T L I N E , 1 9 3 3 ; K U F F L E R , 1 9 5 3 ) . B Y F O C U S I N G A 
F I N E BEAM OF L I G H T ON THE R E T I N A , THE A R E A S OF THE R E T I N A 
THAT E X C I T E , OR I N H I B I T EACH NEURON CAN B E D E T E R M I N E D . 
R E T I N A L GANGLION C E L L S OF THE MAMMALIAN E Y E A L S O CONDUCT 
A C T I O N P O T E N T I A L S WHEN THE R E T I N A I S E X P O S E D TO NO L I G H T 
AT A L L . THE R E S P O N S E TO L I G H T OF A P A R T I C U L A R GANGLION 
C E L L MAY FOLLOW T H R E E B A S I C P A T T E R N S . C E R T A I N C E L L S 
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R E S P O N D TO THE ONSET OF THE L I G H T S T I M U L U S ( " O N R E S P O N S E " ) . 
OTHER C E L L S , I F R E S P O N D I N G P R I O R TO THE S T I M U L U S , C E A S E TO 
F I R E F O L L O W I N G THE ONSET AND R E S U M E F I R I N G AT THE C E S S A T I O N 
OF THE L I G H T S T I M U L U S ( " O F F R E S P O N S E " ) . A T H I R D T Y P E OF 
F I B E R B E H A V I O R , I S C H A R A C T E R I Z E D B Y F I R I N G AT THE ONSET AND 
AT THE C E S S A T I O N OF THE L I G H T S T I M U L U S ( " O N - O F F R E S P O N S E " ) . 
I N 1 9 5 3 . K U F F L E R D I S C O V E R E D THAT THE R E C E P T I V E 
F I E L D S OF R E T I N A L GANGLION C E L L S HAD AN ANNULAR O R G A N I Z A ­
T I O N I N W H I C H THE C E N T E R AND THE P E R I P H E R Y WERE MUTUALLY 
A N T A G O N I S T I C . I N SOME C E L L S L I G H T S T I M U L A T I O N OF THE 
CENTER OF THE R E C E P T I V E F I E L D I N C R E A S E D THE NEURAL D I S ­
CHARGE R A T E . I N OTHER C E L L S , THE C E N T E R OF THE R E C E P T I V E 
F I E L D WAS I N H I B I T O R Y , G I V I N G A R E S P O N S E ONLY WHEN THE L I G H T 
S T I M U L A T I O N C E A S E D , W H I L E THE P E R I P H E R Y GAVE AN " O N " 
R E S P O N S E D U R I N G L I G H T S T I M U L A T I O N . R O D I E K AND STONE ( 1 9 6 5 A 
1 9 6 5 B ) DEMONSTRATED THAT THE I N T E N S I T Y OF AN E X C I T A T O R Y OR 
I N H I B I T O R Y R E S P O N S E WAS DEPENDENT ON THE AMOUNT OF A P P R O ­
P R I A T E R E G I O N S T I M U L A T E D ( S U M M A T I O N ) . ON THE OTHER HAND, 
S T I M U L A T I N G AN " O N " AREA AND AN " O F F " AREA OF A S I N G L E U N I T 
S I M U L T A N E O U S L Y , R E S U L T E D I N A C A N C E L L A T I O N OF THE E F F E C T S 
(MUTUAL A N T A G O N I S M ) . 
THE F I R S T R E C E P T I V E F I E L D P L O T S FOR NEURONS I N THE 
V I S U A L CORTEX WERE MADE B Y H U B E L AND W I E S E L ( 1 9 5 9 ; 1 9 6 1 ; 
1 9 6 5 ) . THE R E C E P T I V E F I E L D S WERE D E S C R I B E D I N T E R M S OF 
T H E I R G E O M E T R I C A L AND FUNCTIONAL A T T R I B U T E S . THE 
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G E O M E T R I C A L A N D F U N C T I O N A L P A R A M E T E R S O F A C E L L R E S U L T 
F R O M T H E A N A T O M I C A L S T R U C T U R E R E S P O N D I N G T O T H E M A P P I N G 
S T I M U L U S . D I F F E R E N T C H A R A C T E R I S T I C S O F T H E S T I M U L U S W H I C H 
W I L L C A U S E E X C I T A T I O N O F T H E C O R T I C A L C E L L M A Y I N C L U D E 
S I Z E , S H A P E , C O L O R , O R I E N T A T I O N , A N D R A T E A N D D I R E C T I O N 
O F M O V E M E N T . F O R E X A M P L E , A D I R E C T I O N S E N S I T I V E U N I T W I L L 
S H O W D I F F E R E N T R E C E P T I V E F I E L D " S H A P E S " W H E N M A P P E D W I T H A 
M O V I N G S P O T D E P E N D E N T O N T H E S C A N N I N G D I R E C T I O N . U N I T S 
W I T H I N H I B I T O R Y A R E A S , W I T H D I F F E R E N T R E L A T I V E S T R E N G T H S , 
W I L L H A V E D I F F E R E N T R E S T I N G L E V E L S O F A C T I V I T Y T H A T D E P E N D 
U P O N T H E T O T A L L E V E L O F I L L U M I N A T I O N . A C O M P L E T E D E S C R I P ­
T I O N O F T H E R E C E P T I V E F I E L D P R O P E R T I E S O F A G I V E N U N I T 
W O U L D R E Q U I R E A S E T O F M A T H E M A T I C A L O R L O G I C A L S T A T E M E N T S 
D E F I N I N G T H E O U T P U T T R A N S F E R F U N C T I O N S O V E R T H E P E R T I N E N T 
P A R A M E T E R S . 
T H E O R G A N I Z A T I O N O F T H E R E C E P T I V E F I E L D S O F N E U R O N S 
W I T H I N T H E L A T E R A L G E N I C U L A T E N U C L E U S D I F F E R S O N L Y S L I G H T L Y 
F R O M P A T T E R N S E S T A B L I S H E D F O R G A N G L I O N C E L L S . H U B E L ( 1 9 6 2 ) 
S T U D I E D T H E C O M P L E X I N T E G R A T I V E A C T I O N O F T H E L A T E R A L G E N I ­
C U L A T E N U C L E U S F R O M L I G H T S T I M U L A T I O N O F T H E R E T I N A . 
R E S P O N S E S O F T H E P R I M A T E L A T E R A L G E N I C U L A T E B O D Y R E S E M B L E D 
T H O S E F O U N D I N T H E P R I M A T E R E T I N A L G A N G L I O N C E L L S . T H E 
R E S P O N S E O F A L A T E R A L G E N I C U L A T E C E L L M A Y B E A N " O N " O R A N 
" O F F " O R A N " O N - O F F " R E S P O N S E . T H E R E C E P T I V E F I E L D S O F 
N E U R O N S I N T H E L A T E R A L G E N I C U L A T E N U C L E I C A N B E M A P P E D B Y 
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d i s c r e t e l i g h t s t i m u l i f o c u s e d upon the r e t i n a . The f i e l d s 
are c i r c u l a r , wi th a c e n t r a l r e g i o n bordered by an annular 
surround. S i m i l a r to r e t i n a l g a n g l i o n c e l l s , the c e n t r a l 
r e g i o n may be e x c i t a t o r y and the surrounding r e g i o n i n h i b i ­
t o r y , or v i c e v e r s a . 
P o g g i o , Baker , Lamane and Riva Sanserv ino ( 1 9 6 6 ) 
r e p o r t e d t h a t the s y n a p t i c cha ins l i n k i n g the c e n t e r of the 
r e c e p t i v e f i e l d to a p a r t i c u l a r g e n i c u l a t e neuron e x e r t a 
more powerful e f f e c t on the u n i t than do t h o s e which l i n k 
the surrounding area of the same r e c e p t i v e f i e l d to the 
same g e n i c u l a t e neuron. A measure of i n t e r a c t i o n between 
f u n c t i o n a l l y a n t a g o n i s t i c r e g i o n s of the r e c e p t i v e f i e l d 
can be o b t a i n e d by count ing the average number of t r a n s i e n t 
e x c i t a t o r y r e s p o n s e s evoked a t v a r i o u s t imes a f t e r the on­
s e t of s t i m u l a t i o n of the i n h i b i t o r y r e g i o n and subsequent ly 
p l o t t i n g the r e s p o n s e s as a f u n c t i o n of the d e l a y between 
c e n t e r and surround s t i m u l i . Poggio e t a l . ( 1 9 6 9 ) demon­
s t r a t e d t h a t i n h i b i t i o n i n i t i a l l y i n c r e a s e s r a p i d l y and 
reaches a maximum when the c e n t e r s t i m u l u s i s d e l i v e r e d 
1 0 - 3 0 msec a f t e r the onset of the surround i n h i b i t o r y s t i m ­
u l u s . The i n h i b i t o r y e f f e c t the d e c l i n e d and i n most i n ­
s t a n c e s the e f f e c t f a l l s to o n e - h a l f of i t s maximum a t 
d e l a y s of 1 0 0 - 2 0 0 msec. 
The a n t a g o n i s t i c o r g a n i z a t i o n of the r e t i n a l r e c e p ­
t i v e f i e l d s , changes during dark a d a p t i o n (Bar low, F i t zhugh 
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and K u f f l e r , 1 9 5 7 ) . In the dark adapted eye , no antagonism 
between p e r i p h e r a l and c e n t r a l r e g i o n s was found. In o t h e r 
words, the s p a t i a l r e s p o n s i v e n e s s of the dark-adapted eye 
was summative i n c h a r a c t e r , whereas the l i g h t - a d a p t e d eye 
was c h a r a c t e r i z e d by e x c i t a t o r y and i n h i b i t o r y e f f e c t s 
opposing each o t h e r i n the c e n t r a l and outer r e g i o n s of the 
r e c e p t i v e f i e l d . Poggio et a l . ( 1 9 6 9 ) observed a s i m i l a r 
phenomenon a t the l e v e l of the l a t e r a l g e n i c u l a t e . Poggio 
( 1 9 6 9 ) and h i s c o l l e a g u e s f u r t h e r found t h a t the c h a r a c ­
t e r i s t i c s of r e t i n a l o r g a n i z a t i o n may be the b a s i s of c e n ­
t e r surround i n t e r a c t i v e mechanism i n the l a t e r a l g e n i c u ­
l a t e n u c l e u s and proposed tha t the amacrine c e l l was the 
i n t e g r a t i v e element on which the mechanism depended. 
R e t i n a l Degenerat ion 
Exposure of a d u l t a l b i n o r a t s t o cont inuous l o w -
i n t e n s i t y (18 f t - c i n d i r e c t ; 70 f t - c d i r e c t ) l i g h t has 
r e s u l t e d i n d e g e n e r a t i v e changes i n the r e t i n a and e l e c t r o ­
p h y s i o l o g i c a l changes throughout the v i s u a l system 
(Anderson and O'Steen , 1 9 7 1 a ; O'Steen and Anderson, 1 9 7 1 a ; 
O'Steen and L y t l e , 1 9 7 1 ; B e n n e t t , Dyer and Dunn, 1 9 7 2 ) . 
M o r p h o l o g i c a l changes c o n s i s t e d of a d e g e n e r a t i o n of the 
r e t i n a t h a t was s e l e c t i v e and e x p e r i m e n t a l l y graded . For 
example, 10sure to c n t inuous i l l u m i n a t i o n f o r \ Stays 
r e s u l t e d i n f r a g m e n t a t i o n and d i s o r i e n t a t i o n of the o u t e r 
segments of the r e c e p t o r c e l l s and pyknos i s of some n u c l e i 
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I N T H E O U T E R N U C L E A R L A Y E R I N T H E P O S T E R I O R P O R T I O N O F T H E 
R E T I N A . T I S S U E D A M A G E I N P E R I P H E R A L A R E A S O F T H E R E T I N A 
R E M A I N E D N E G L I G I B L E . E X P O S U R E F O R 1 4 D A Y S R E S U L T E D I N A 
D I S A P P E A R A N C E O F T H E R E C E P T O R C E L L S I N T H E P O S T E R I O R R E T I N A . 
I N T H E P E R I P H E R A L R E T I N A L A R E A S , T H E R E C E P T O R C E L L N U C L E I 
A N D P O R T I O N S O F T H E I N N E R A N D O U T E R S E G M E N T S U N A L T E R E D . 
A F T E R 3 0 D A Y S O F I L L U M I N A T I O N , A L L R E C E P T O R C E L L S I N P O S ­
T E R I O R E Y E H A D D I S A P P E A R E D , W H I L E S O M E S C A T T E R E D R E C E P T O R 
C E L L N U C L E I R E M A I N E D I N A N T E R I O R R E T I N A , B U T W E R E P Y K N O T I C 
( O ' S T E E N , 1 9 7 0 ; A N D E R S O N A N D O ' S T E E N , 1 9 7 1 A ; A N D E R S O N A N D 
O ' S T E E N , 1 9 7 1 B ; O ' S T E E N A N D A N D E R S O N , 1 9 7 1 A ) . 
T H E A C T I V E D E G E N E R A T I O N O F T H E O U T E R S E G M E N T S O F T H E 
R E C E P T O R C E L L S E L I C I T E D A " P H A G O C Y T I C C E L L " I N V A S I O N O F T H E 
R E T I N A . P H A G O C Y T I C C E L L S , A T Y P I C A L T O T H E R E T I N A , W E R E 
R E S P O N S I B L E F O R T H E R E M O V A L O F C E L L U L A R D E B R I S . T H E S E 
C E L L S I N V A D E A N D O C C U P Y T H E C E N T R A L R E T I N A L A R E A O F D E G E N ­
E R A T I O N , B E T W E E N T H E R E C E P T O R L A Y E R A N D T H E P I G M E N T E P I T H E ­
L I A L L A Y E R , I N ' A N I M A L S E X P O S E D T O 4 D A Y S O F I L L U M I N A T I O N 
( O ' S T E E N A N D L Y T L E , 1 9 7 1 ) . T H E O R I G I N O F T H E P H A G O C Y T I C 
C E L L S I S N O T Y E T C L E A R . H O W E V E R , P H A G O C Y T I C C E L L S A P P A R ­
E N T L Y C O M E F R O M S E V E R A L C E L L P O P U L A T I O N S : ( A ) F R O M M O N O ­
N U C L E A R C E L L S W H I C H M I G R A T E T H R O U G H T H E R E T I N A F R O M T H E 
V I T R E O U S C A V I T Y ; ( B ) F R O M P I G M E N T E P I T H E L I A L C E L L S W H I C H 
S E P A R A T E F R O M B R U C H ' S M E M B R A N E ; A N D ( C ) F R O M T H E B L O O D 
V A S C U L A R S Y S T E M ( O ' S T E E N A N D L Y T L E , 1 9 7 1 ; O ' S T E E N A N D 
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K a r c i o g l u , 1 9 7 4 ) . F o l l o w i n g 14 days of exposure the 
p h a g o c y t i c c e l l s were absent c e n t r a l l y , but were presen t 
i n p e r i p h e r a l a r e a s , where p h o t o r e c e p t o r d e s t r u c t i o n was 
s t i l l i n p r o g r e s s , E x t e n s i v e d e g e n e r a t i o n had occurred 
more c e n t r a l l y and f r a g m e n t a t i o n had i n c r e a s e d in p e r i p h e r a l 
a r e a s of the r e t i n a . A f t e r 30 days of i l l u m i n a t i o n , the 
p h a g o c y t i c c e l l s were comple t e ly absent from the r e t i n a , 
as w e l l as ev idence of the p h o t o r e c e p t o r c e l l s . 
Once r e t i n a l d e g e n e r a t i o n was i n i t i a t e d , f u r t h e r 
p r o g r e s s i o n of damage r e q u i r e d a d d i t i o n a l l i g h t exposure . 
A r e t u r n to c y c l i c l i g h t c o n d i t i o n s e l i c i t e d a c e s s a t i o n i n 
d e g e n e r a t i o n f o l l o w e d by a removal of the c e l l u l a r d e b r i s . 
Cont inued l i g h t exposure d i s r u p t e d the b i p o l a r c e l l connec­
t i o n s , a l t h o u g h c e l l u l a r d e g e n e r a t i o n d i d not extend i n t o 
the innermost r e t i n a l l a y e r s (O'S teen and L y t l e , 1 9 7 1 ) . 
Synapses between the r e c e p t o r and b i p o l a r c e l l s were l o s t , 
so t h a t involvement of the innermost l a y e r r e s u l t e d from 
e i t h e r t r a n s n e u r o n a l d e g e n e r a t i o n or d i r e c t l i g h t damage. 
R e t i n a s of a l b i n o r a t s exposed to v e r y s h o r t p e r i o d s 
of i l l u m i n a t i o n underwent r e v e r s i b l e s t r u c t u r a l change, 
which was a p p a r e n t l y l i m i t e d to the pigment e p i t h e l i a l 
c e l l s and p h o t o r e c e p t o r c e l l s (Shear , O'Steen and Anderson, 
1 9 7 3 ) . C e r t a i n l y , the d e g e n e r a t i o n between 6 and 12 hours 
was r e v e r s i b l e because c o n t r o l an imals exposed t o a c y c l i c 
l i g h t schedule ( 1 4 hours o f l i g h t f o l l o w e d by 10 hours of 
14 
darkness ) deve loped no r e t i n a l damage. I r r e v e r s i b l e damage 
occurred a f t e r approx imate ly 96 hours of c o n s t a n t low i n t e n ­
s i t y i l l u m i n a t i o n . N o e l l , Walker , Kang and Berman ( 1 9 6 6 ) 
found exposure to i n t e n s e ( 1 3 3 - 1 8 5 f t - c ) f l o u r e s c e n t l i g h t 
f o r only 24 hours was s i g n i f i c a n t to cause i r r e v e r s i b l e 
r e t i n a l damage, c o n s i s t i n g of pyknos i s of the r e c e p t o r c e l l 
n u c l e i i n the o u t e r n u c l e a r l a y e r . Us ing a s i m i l a r h igh 
i n t e n s i t y l i g h t s o u r c e , Gr igno lo e t a l . ( 1 9 6 9 ) s u b s t a n t i ­
a t e d the p r e v i o u s f i n d i n g s . N o e l l e t a l . ( 1 9 6 6 ) a l s o 
exposed a l b i n o r a t s to i l l u m i n a t i o n p e r i o d s of up to 5 
months and observed a d e s t r u c t i o n of the p h o t o r e c e p t o r and 
pigment e p i t h e l i a l c e l l s . N o e l l et a l . ( 1 9 6 6 ) s u g g e s t e d 
a r e a c t i o n product from the damaged r e c e p t o r c e l l s caused 
the d e s t r u c t i o n of the pigment c e l l s . In c o n s t r a s t to the 
e a r l i e r work, 0 1 3 t e e n and L y t l e ( 1 9 7 1 ) employed a lower 
i n t e n s i t y i l l u m i n a t i o n and a lower room and body temperature 
and f a i l e d t o observe a d e s t r u c t i o n of the pigment e p i t h e ­
l i a l c e l l s . G o m and Kuwabara ( 1 9 6 7 ) r e p o r t e d t h a t a r e ­
v e r s a l i n r e t i n a l damage occurred f o l l o w i n g two days of 
i n t e n s e l i g h t exposure and 14 days of r e l a t i v e d a r k n e s s . 
Exposure f o r more than 7 days was n e c e s s a r y f o r i r r e v e r s i b l e 
r e t i n a l damage. D i f f e r e n c e s i n l i g h t source i n t e n s i t y 
account f o r d i f f e r e n c e s i n the l e n g t h of p e r i o d r e p o r t e d 
f o r r e v e r s i b l e r e t i n a l damage. 
The s e v e r i t y of p h o t o r e c e p t o r damage was shown to be 
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age dependent ( O ' S t e e n , Anderson and Shear , 1 9 7 4 ) . O'Steen 
et a l . ( 1 9 7 4 ) exposed a l b i n o r a t s from 3 weeks of age to 
adul thood to f l o u r e s c e n t and incandescent i l l u m i n a n c e and 
an e l e v a t e d environmental temperature known to induce 
r e c e p t o r d e s t r u c t i o n i n a d u l t a n i m a l s . R e t i n a s of 3-week 
and 4-week o l d exper imenta l an imals were a p p a r e n t l y unaf­
f e c t e d by l i g h t exposure . R e t i n a s of some 5-week and most 
6-week o l d r a t s d i s p l a y e d f ragmenta t ion of o u t e r and inner 
segments of the r e c e p t o r c e l l s , and pyknot ic r e c e p t o r n u c l e i 
i n the c e n t r a l r e g i o n . Areas of f o c a l damage were more 
s evere i n 7-week o l d r a t s . A l l subsequent age groups were 
c h a r a c t e r i z e d by a s i g n i f i c a n t r e d u c t i o n i n the average 
t h i c k n e s s of the o u t e r n u c l e a r l a y e r ( l o c a t i o n of the r e ­
c e p t o r c e l l b o d i e s ) . Comparison of t o t a l r e t i n a l t h i c k n e s s 
measurements i n d i f f e r e n t age groups i n d i c a t e d t h a t l i g h t 
exposure s i g n i f i c a n t l y reduced the d i s t a n c e between the 
i n n e r and o u t e r l i m i t i n g membrane i n only some age g r o u p s . 
Reduct ion i n o v e r a l l t h i c k n e s s of the r e t i n a was an i n e f f e c ­
t i v e measurement i n grad ing the amount of r e t i n a l d e g e n e r ­
a t i o n . P h o t o r e c e p t o r d e s t r u c t i o n p a r a l l e l e d the r e d u c t i o n 
of the o u t e r n u c l e a r l a y e r , as b o t h became p r o g r e s s i v e l y 
more severe as the r a t s aged . 
D e s t r u c t i o n of p h o t o r e c e p t o r c e l l s by incandescent 
l i g h t p r o g r e s s e d a t a s l i g h t l y reduced r a t e as compared to 
t h a t of f l o u r e s c e n t l i g h t exposure o f the same i n t e n s i t y . 
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The h igh energy wavelengths of the v i s i b l e spectrum were 
p r i m a r i l y r e s p o n s i b l e f o r caus ing l i g h t induced r e t i n a l 
d e g e n e r a t i o n (Anderson, Coyle and O ' S t e e n , 1 9 7 2 ) . S e v e r a l 
c h a r a c t e r i s t i c d i f f e r e n c e s i n the r e t i n a l d e g e n e r a t i o n 
r e s u l t e d from v a r i a t i o n i n the i n t e n s i t y l e v e l of i l l u m i n a ­
t i o n . These i n c l u d e : ( a ) the r a t e of d e g e n e r a t i o n , r e l a t e d 
d i r e c t l y t o the s t r e n g t h of the i l l u m i n a t i o n , (b ) the ex ten t 
of r e t i n a l d e g e n e r a t i o n and involvement of the pigment 
e p i t h e l i u m , and ( c ) the p a t t e r n of d e g e n e r a t i o n p a r t i c u l a r ­
l y as r e l a t e d to the s i t e o f i n i t i a l c e l l d e s t r u c t i o n 
( O ' S t e e n and Anderson, 1 9 7 4 ) . E l e v a t e d environmental and 
body temperature were a l s o i n f l u e n t i a l i n i n c r e a s i n g the 
r a t e of d e s t r u c t i o n . 
E l e c t r o n micrographs of r e t i n a s exposed to 30 days 
of c o n s t a n t i l l u m i n a t i o n r e v e a l e d severe s t r u c t u r a l damage 
( O ' S t e e n , Shear and Anderson, 1 9 7 2 ) . The damaged area was 
s p e c i f i c a l l y l o c a l i z e d t o the p h o t o r e c e p t o r c e l l s , and the 
r e t i n a l l a y e r between the pigment e p i t h e l i u m and the i n n e r 
n u c l e a r l a y e r was t o t a l l y a b s e n t . The o t h e r c e l l l a y e r s 
were a p p a r e n t l y no t a f f e c t e d by the l i g h t . The s t r u c t u r e 
of the r e t i n a s exposed t o cont inuous l i g h t f o r f o u r to s i x 
months resembled the s t r u c t u r e of the r e t i n a s of an imal s 
exposed t o 30 days of i l l u m i n a t i o n . In some i n s t a n c e s , the 
b i p o l a r c e l l s of the r e t i n a s exposed to f o u r to s i x months 
of i l l u m i n a t i o n were no l o n g e r arranged as a l a y e r of 
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n u c l e i s e p a r a t e d from the g a n g l i o n c e l l l a y e r by the i n n e r 
p l e x i f o r m l a y e r . I n s t e a d , the b i p o l a r c e l l s extended 
through the i n n e r p l e x i f o r m l a y e r to the g a n g l i o n c e l l 
l a y e r and appeared to be o r i e n t e d a long e x i s t i n g b l o o d 
v e s s e l s . 
B e h a v i o r a l and N e u r o p h y s i o l o g i c a l I n d i c e s 
A f t e r expos ing a l b i n o r a t s t o 30 days of c o n s t a n t 
l i g h t , t h e r e b y e l i m i n a t i n g the p h o t o r e c e p t o r c e l l s , one 
might expect t h e s e an imals t o be b l i n d . In f a c t , b e h a v i o r a l 
exper iments with r a t s exposed t o 30 days of l o w - l e v e l i l l u ­
m i n a t i o n d id not r e v e a l impairments i n v i s u a l l y gu ided 
b e h a v i o r (Anderson and O ' S t e e n , 1 9 7 2 ) . Animals exposed to 
c y c l i c l i g h t and animals exposed t o 30 days of i l l u m i n a t i o n 
were t r a i n e d and t e s t e d i n a T-mase on b l a c k - w h i t e d i s c r i m ­
i n a t i o n t a s k s and two p a t t e r n d i s c r i m i n a t i o n t a s k s . R a t s 
wi thout r e c e p t o r c e l l s were not impaired on any of the 
d i s c r i m i n a t i o n t e s t s , but performed a t h igh l e v e l s of com­
petence (Anderson and O ' S t e e n , 1 9 7 2 ) . The r a t s n o t only 
r e t a i n e d a v i s u a l h a b i t l e a r n e d p r i o r t o r e t i n a l degenera­
t i o n , but were capable of l e a r n i n g new d i s c r i m i n a t i o n t a s k s 
a t r a t e s i n d i s t i n q u i s h a b l e from normal a n i m a l s . 
The l e n g t h of t ime an animal was exposed t o cons tant 
l i g h t determined whether a performance decrement would be 
observed on some v i s u a l l y gu ided t a s k s ( B e n n e t t , Dyer and 
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Dunn, 1 9 7 2 ; B e n n e t t , Dyer and Dunn, 1 9 7 3 ) . Bennett e t . a l . 
( 1 9 7 2 ) exposed animals to c o n s t a n t l i g h t f o r p e r i o d s 
rang ing from l e s s than 12 days to more than 1 2 0 days . 
Performance was a s s e s s e d by measuring the percentage of 
c o r r e c t r e s p o n s e s t o v i s u a l t a r g e t s on a l i g h t - d a r k d i s ­
c r i m i n a t i o n t a s k . Rat s exposed f o r l e s s than 90 days p e r ­
formed as w e l l as c o n t r o l a n i m a l s , whi le the performance 
of an imals exposed f o r more than 90 days decreased i n 
p r o p o r t i o n to the l e n g t h of t ime beyond 90 days of exposure . 
Anderson and O'Steen ( 1 9 7 3 ) exposed r a t s t o 30 days of 
i l l u m i n a t i o n and used two measures to a s s e s s v i s u a l p e r f o r ­
mance: the percentage of c o r r e c t r e s p o n s e s t o the v i s u a l 
t a r g e t s and the t ime taken to make a cho ice ( l a t e n c y of 
r e s p o n s e ) . The l a t e n c y of response was d e f i n e d as the t ime 
taken by the animal to s e l e c t one of the two v i s u a l d i s -
cr iminda a f t e r l e a v i n g the s t a r t - b o x . The l a t e n c y of 
re sponse was a more s e n s i t i v e i n d i c a t o r f o r d e t e c t i n g 
r e t i n a l damage than the percentage of c o r r e c t r e s p o n s e s . 
For the p a t t e r n t a s k s , Anderson and O'Steen ( 1 9 7 3 ) no ted a 
performance decrement i n the response l a t e n c i e s , whi le on 
t h e b l a c k - w h i t e d i s c r i m i n a t i o n t a s k s , no decrement i n 
e i t h e r performance measures was observed . These s t u d i e s 
i n d i c a t e the importance of the type of exper imenta l des ign 
u t i l i s e d i n t e s t i n g the b e h a v i o r of a n i m a l s . Animals wi th 
no apparent p h o t o r e c e p t o r c e l l s can s t i l l perform on 
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on c e r t a i n v i s u a l l y guided t a s k s , a l though measures o f 
p e r c e p t u a l performance may v a r y . 
N e u r o p h y s i o l o g i c a l s t u d i e s have i n d i c a t e d t h a t 
s e v e r a l c l a s s i c a l i n d i c e s o f v i s u a l f u n c t i o n are a l t e r e d or 
d i s r u p t e d throughout widespread p o r t i o n s of the v i s u a l 
system of an imals w i th damaged r e t i n a s . In one s e r i e s of 
exper iments u s i n g m a c r o e l e c t r o d e s (Anderson and O ' S t e e n , 
1 9 7 1 b ) , the spontaneous rhythmic and nonrhythmic p o t e n t i a l s 
were a l t e r e d or a b o l i s h e d i n animals exposed to cont inuous 
l i g h t f o r 30 days . The cont inuous s t a t e of a c t i v i t y which 
can be r e c o r d e d throughout the i n t a c t v i s u a l system i s 
termed spontaneous , as i t not aroused by s p e c i f i c v i s u a l 
s t i m u l a t i o n . The v i s u a l s t a t e normal ly e x i s t s i n an e q u i l i ­
brium between tv/o o u t s t a n d i n g f o r c e s . The c h a r a c t e r i s t i c s 
of the spontaneous a c t i v i t y r e c o r d e d from animals wi th 
damaged r e t i n a s depended upon the d u r a t i o n of l i g h t expo­
sure and upon the amount of r e t i n a l d e g e n e r a t i o n (Anderson 
and O ' S t e e n , 1 9 7 1 a ; O'Steen and Anderson, 1 9 7 1 b ) . E x p e r i ­
ments have a l s o i n d i c a t e d t h a t exposure to cont inuous l i g h t 
produced a l t e r a t i o n s i n the e l e c t r i c a l a c t i v i t y r e c o r d e d 
from the e y e . E l e c t r o r e t i n o g r a m s were markedly a l t e r e d i n 
an imal s exposed t o 2 or more days of c o n s t a n t l i g h t 
(Anderson and O ' S t e e n , 1 9 7 1 b ) . 
Spontaneous rhythmic a c t i v i t y p o t e n t i a l s f a l l i n g 
i n t o 3 d i s t i n c t f requency ranges were recorded throughout 
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widespread r e g i o n s of the r a t v i s u a l system (Anderson and 
O ' S t e e n , 1 9 7 1 a ) . The exact frequency and shape of the 
rhythmic p o t e n t i a l s were found to depend upon the l e v e l 
of a n e s t h e s i a and the l i g h t i n g c o n d i t i o n s p r e s e n t a t the 
t ime of r e c o r d i n g (Anderson and O ' S t e e n , 1 9 7 2 ) . The most 
predominant p o t e n t i a l had a frequency of 1 0 - 2 5 c y c l e s / s e c , 
the second p o t e n t i a l had a frequency od 1 0 0 - 1 5 0 c y c l e s / s e c , 
and the t h i r d p o t e n t i a l had a frequency of 0 . 3 - 0 . 5 c y c l e s / 
s e c . S i n c e the rhythmic p o t e n t i a l s were absent i n e n u c l e ­
a t e d an imals and i n animals wi th e x p e r i m e n t a l l y induced 
r e t i n a l d e g e n e r a t i o n , i t was concluded t h a t the p o t e n t i a l s 
were of r e t i n a l o r i g i n (Anderson and O ' S t e e n , 1 9 7 1 a ; 
Anderson and O ' S t e e n , 1 9 7 1 b ) . No changes i n rhythmic 
a c t i v i t y r e s u l t e d from changes i n ambient l i g h t l e v e l s , 
a l though f l a s h e s of l i g h t d i s r u p t e d the a c t i v i t y during the 
p e r i o d s of evoked r e s p o n s e . The r e c e p t o r c e l l s were s u s ­
p e c t e d of f u n c t i o n i n g to t r i g g e r - o f f the rhythmic a c t i v i t y 
t h a t was a c t u a l l y g e n e r a t e d i n o t h e r r e t i n a l l a y e r s . 
Evidence from i n t r a - r e t i n a l r e c o r d i n g of the b u l l f r o g by 
Tomita and Punaihi ( 1 9 5 2 ) and the f r o g by B r i n d l e y ( 1 9 5 6 ) , 
r e v e a l e d o s c i l l a t o r y p o t e n t i a l s tha t were g r e a t e s t i n the 
r e g i o n of the b i p o l a r c e l l s . These experiments i n d i c a t e d 
t h a t the b i p o l a r c e l l may g i v e r i s e t o the o s c i l l a t o r y 
p o t e n t i a l s , but were i n s u f f i c i e n t to independent ly genera te 
the p o t e n t i a l s . The p r o d u c t i o n of rhythmic p o t e n t i a l s from 
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b i p o l a r c e l l s , consequent ly depended upon the a c t i v i t y of 
r e c e p t o r c e l l s i n the presence o f o t h e r c e l l l a y e r s of the 
r e t i n a . 
Exposure of 4 days of cont inuous l i g h t r e s u l t e d i n 
e i t h e r an absence of rhythmic p o t e n t i a l s i n the r a t v i s u a l 
system or p o t e n t i a l s t h a t were only vague ly s i m i l a r t o 
p o t e n t i a l s found i n r a t s wi th normal r e t i n a s . Animals 
exposed t o 14 days o f low i n t e n s i t y i l l u m i n a t i o n e x h i b i t e d 
a l a c k of r e c o r d a b l e o s c i l l a t o r y p o t e n t i a l s throughout the 
v i s u a l sys tem. Recording from the o p t i c t r a c t , l a t e r a l 
g e n i c u l a t e n u c l e u s and the v i s u a l c o r t e x r e v e a l e d a com­
p l e t e absence of a l l t h r e e k inds of rhythmic p o t e n t i a l s 
found i n c o n t r o l r a t s (Anderson and O ' S t e e n , 1 9 7 2 ) . F o l ­
lowing 30 days of exposure to cont inuous low i n t e n s i t y 
i l l u m i n a t i o n , the rhythmic p o t e n t i a l s were absent through­
out widespread r e g i o n s of the v i s u a l system (Anderson and 
O ' S t e e n , 1 9 7 1 b ) . 
N e u r o p h y s i o l o g i c a l exper imenta t ion has not y e t 
e s t a b l i s h e d t h a t neurons i n the c e n t r a l nervous system of 
r e t i n a l damaged animals respond to v i s u a l s t i m u l a t i o n . The 
p r e s e n t s tudy u t i l i z e s e l e c t r o p h y s i o l o g i c a l methods t o 
a s s e s s the f u n c t i o n a l s t a t u s of s i n g l e neurons w i t h i n the 
v i s u a l system of normal r a t s and r a t s exposed t o more than 
30 days of cont inuous low i n t e n s i t y i l l u m i n a t i o n . More 
s p e c i f i c a l l y , the presen t study w i l l u t i l i s e m i c r o e l e c t r o d e 
R E C O R D I N G T E C H N I Q U E S A N D C O M P U T E R A N A L Y S I S M E T H O D S T O C O M ­
P A R E T H E R E S P O N S E P R O P E R T I E S O F N E U R O N S I N T H E L A T E R A L 
G E N I C U L A T E N U C L E U S O F N O R M A L A N I M A L S W I T H T H E R E S P O N S E 
P R O P E R T I E S O F N E U R O N S I N T H E L A T E R A L G E N I C U L A T E N U C L E U S 
O F A N I M A L S W I T H E X T E N S I V E R E T I N A L D A M A G E . S U C H C O M P A R I S O N S 
S H O U L D H E L P I N U N D E R S T A N D I N G T H E F U N C T I O N A L D I F F E R E N C E S 
B E T W E E N N O R M A L V I S U A L S Y S T E M A N D T H E V I S U A L S Y S T E M T H A T H A S 
B E E N S E V E R E L Y D A M A G E D . 
P R O P O S E D M O D E L F O R T H E L A T E R A L G E N I C U L A T E N U C L E U S 
A N E U R O N A L M O D E L F O R T H E O R G A N I Z A T I O N O F T H E R A T 
L A T E R A L G E N I C U L A T E N U C L E U S W A S P R O P O S E D B Y B U R K E A N D S E F T O N 
( 1 9 6 6 A ; 1 9 6 6 B ; 1 9 6 6 C ) . T H E E V I D E N C E P R E S E N T E D B Y B U R K E A N D 
S E F T O N ( 1 9 6 6 A ) S U G G E S T S T H E E X I S T E N C E O F T W O T Y P E S O F 
L A T E R A L G E N I C U L A T E N U C L E I ( L G N ) C E L L S : P - C E L L S ( P R I N C I P A L 
C E L L S ) W H I C H P R O J E C T T O T H E V I S U A L C O R T E X ; A N D I - C E L L S 
( I N T E R N E U R O N S ) . T H E I - C E L L B U R S T P A T T E R N I S S I M I L A R T O T H E 
B U R S T P A T T E R N R E C O R D E D F R O M T H E I N T E R N E U R O N A L R E N S H A W C E L L 
A N D T H E I N H I B I T O R Y I N T E R N E U R O N S O F T H E C E R E B E L L U M . A D D I ­
T I O N A L L Y , I N R E S P O N S E T O O P T I C N E R V E S T I M U L A T I O N , T H E I -
C E L L S R E S P O N D W I T H L O N G E R R E P E T I T I V E D I S C H A R G E S , A N D E X H I B I T 
A L O W E R T H R E S H O L D A N D L O N G E R L A T E N C Y O F R E S P O N S E T H A N T H E 
P - C E L L S . A W A V E F O R M C H A R A C T E R I S T I C O F A N T I D R O M I C I N V A S I O N 
I S P R E S E N T I N M O S T P - C E L L S T E S T E D B Y S T I M U L A T I O N O F T H E 
V I S U A L C O R T E X . T H E A N T I D R O M I C W A V E S O F T H E C A T L A T E R A L 
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g e n i c u l a t e n u c l e u s were i d e n t i f i e d by B i s h o p , Burke and 
Davis ( 1 9 6 2 ) , The s y n a p t i c p o t e n t i a l s i d e n t i f i e d on o r t h o ­
dromic re sponse were not p r e s e n t wi th ant idromic i n v a s i o n . 
In the s imple neuronal model incoming o p t i c t r a c t 
impul ses e x c i t e P - c e l l s which, through t h e i r c o l l a t e r a l s 
e x c i t e I - c e l l s . The I - c e l l d i s c h a r g e s , i n h i b i t P - c e l l s . 
With c e s s a t i o n of I - c e l l d i s c h a r g e s , the P - c e l l wanes and 
as i n d i v i d u a l P - c e l l s r e c o v e r they d i s c h a r g e i n a s h o r t 
b u r s t . The I - c e l l s a r e r e a c t i v a t e d and P - c e l l s are f u r t h e r 
i n h i b i t e d . A smal l amount of p r e s y n a p t i c i n h i b i t i o n can be 
induced from the v i s u a l c o r t e x , a l t h o u g h the major p o r t i o n 
of i n h i b i t o r y i n f l u e n c e s i n the model are p o s t - s y n a p t i c . 
Burke and S e f t o n ( 1 9 6 6 b ) r e p o r t e d t h a t the major ev idence 
f o r a p o s t - s y n a p t i c i n h i b i t i o n came from the c o r r e l a t i o n 
between the phase of the i n h i b i t i o n and the p e r i o d of 
h y p e r p o l a r i z a t i o n o f the P - c e l l s . A d d i t i o n a l l y , n e i t h e r 
the i n h i b i t i o n nor the r e c u r r e n t d i s c h a r g e s of the P - c e l l s 
and the I - c e l l s are a f f e c t e d by removal of the v i s u a l 
c o r t e x , i n d i c a t i n g t h a t the i n h i b i t i o n i s probab ly genera ted 
w i t h i n the l a t e r a l g e n i c u l a t e body. 
I f the degree of i n h i b i t i o n of P - c e l l s depends on 
the temporal summation of the h y p e r p o l a r i z a t i o n produced 
by I - c e l l s , the asynchrony i n the d i s c h a r g e s of I - c e l l s 
shou ld reduce the i n h i b i t i o n and more P - c e l l s would f i r e 
to a second s t i m u l u s . S e f t o n and Burke ( 1 9 6 6 ) r e p o r t e d 
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THAT CONTINUED O P T I C N E R V E S T I M U L A T I O N D I D PRODUCE AN 
I N C R E A S E I N THE NUMBER OF P - C E L L S D I S C H A R G I N G TO F U R T H E R 
S T I M U L I . HOWEVER, THE I - C E L L S COULD NOT B E R E - E X C I T E D FROM 
O P T I C N E R V E S T I M U L A T I O N . T H U S , I T A P P E A R S THAT ASYNCHRONY 
I N THE D I S C H A R G E S OF I - C E L L S , I N C R E A S E D THE NUMBER OF P -
C E L L S THAT COULD D I S C H A R G E . 
S T U D Y I N G THE R E S P O N S E OF P - C E L L S OF THE RAT L A T E R A L 
G E N I C U L A T E BODY TO S I N G L E SHOCK S T I M U L A T I O N OF THE O P T I C 
TRACT, PUKADA ( 1 9 7 3 ) FOUND THAT P - C E L L S COULD B E S U B D I V I D E D 
INTO TWO G R O U P S , F A S T AND SLOW C E L L S ACCORDING TO T H E I R 
I N I T I A L S P I K E L A T E N C I E S . THE TWO GROUPS ALSO D I F F E R E D I N 
OTHER C H A R A C T E R I S T I C S OF THE R E S P O N S E TO O P T I C TRACT S T I M ­
U L A T I O N . THE F A S T C E L L S ALSO E X H I B I T E D SHORTER LATENCY 
P E R I O D S FOR T H E I R D I S C H A R G E OF A C T I V I T Y . PUKADA ET A L . 
( 1 9 7 3 ) S U G G E S T E D THAT THE F A S T C E L L S MIGHT R E C E I V E A L E S S 
S U S T A I N E D A C T I O N FROM THE I N H I B I T O R Y I N T E R N E U R O N S ( I - C E L L S ) 
THAN THE SLOW C E L L S . 
THE FACT THAT E A R L Y D I S C H A R G E S OF F A S T C E L L S HAVE 
SHORTER L A T E N C I E S THAN THOSE OF SLOW P - C E L L S CANNOT B E 
E X P L A I N E D I N T E R M S OF T H E I R CONDUCTION T I M E THROUGH THE 
O P T I C N E R V E F I B E R S , S I N C E THEY ARE L E S S THAN 1 0 MSEC 
(SUMITOMO, I W A N A , AND A R I K U N I , 1 9 6 9 ) . THE S U G G E S T I O N THAT 
THE GANGLION C E L L OF THE R E T I N A CAN B E D I F F E R E N T I A T E D W I T H 
R E S P E C T TO R A P I D I T Y OF THE R E S P O N S E TO F L A S H S T I M U L A T I O N 
R E C E I V E D SUPPORT FROM THE CAT R E T I N A GANGLION C E L L ( G L E -
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l a n d , Dubin and L e v i c k , 1 9 7 1 ) * In the r a t r e t i n a , Brown 
and R o j a s ( 1 9 6 5 a ; 1 9 6 5 b ) r e p o r t e d t h a t two groups of 
g a n g l i o n c e l l s e x i s t which have d i f f e r e n t v i s u a l response 
c h a r a c t e r i s t i c s and have d i f f e r e n t t y p e s of i n t r a - r e t i n a l 
c o n n e c t i o n s . 
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C H A P T E R I I I 
M E T H O D S A N D P R O C E D U R E S 
R A T I O N A L E 
T H E O V E R A L L R A T I O N A L E F O R T H E E L E C T R O P H Y S I O L O G I C A L 
P R O C E D U R E S T H A T W E R E U S E D I N T H I S R E S E A R C H , W A S T O A N A L Y Z E 
R E S P O N S E S O F T H E L A T E R A L G E N I C U L A T E N U C L E I ( L G N ) N E U R O N S 
T O V I S U A L S T I M U L A T I O N . T H E G O A L W A S T O O B T A I N A N U N D E R ­
S T A N D I N G O F T H E V I S U A L I N F O R M A T I O N T R A N S F E R A T T H E L E V E L 
O F T H E S I N G L E C E L L . T H E P A R T I C U L A R S E Q U E N C E O F P R O C E D U R E S 
U S E D I N T H I S R E S E A R C H A L L O W E D F O R A N E F F I C I E N T C O L L E C T I O N 
O F D A T A F R O M T H E N O R M A L I N T A C T R E T I N A A N I M A L S . A S C H E M A 
F O R T H E C L A S S I F I C A T I O N O F L G N C E L L S F R O M T H E N O R M A L D A T A 
W A S D E V E L O P E D A N D U S E D F O R A C O M P A R I S O N O F R E S P O N S E P A T T E R N S 
G E N E R A T E D F R O M T H E L G N C E L L S O F A N I M A L S W I T H D E G E N E R A T I V E 
R E T I N A S . 
G E N E R A L P R O C E D U R E S 
P R E P A R A T I O N 
A D U L T A L B I N O F E M A L E R A T S W E I G H I N G 1 8 0 - 3 8 0 G R A M S 
W E R E M A I N T A I N E D I N A N E N V I R O N M E N T O F C O N S T A N T O R C Y C L I C 
L I G H T ( S E E T A B L E 1 ) . A N I M A L S W E R E F R O M I N B R E D S T O C K A N D 
W E R E O F T H E S P R A Q U E - D A W L E Y S T R A I N O F R A T S . T H E A N I M A L S I N 
T H E C Y C L I C - L I G H T G R O U P ( N = 1 7 ) W E R E E X P O S E D T O 1 4 H O U R S O F 
L I G H T A N D 1 0 H O U R S O F D A R K N E S S I N E A C H 2 4 H O U R P E R I O D . 
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The an imals i n the c o n s t a n t - l i g h t group (n=6) were exposed 
t o cont inuous l i g h t f o r p e r i o d s rang ing from 45 t o 150 
days . During the exper imenta l p e r i o d a l l an imal s were 
u n a n e s t h e t i a e d and u n r e s t r a i n e d i n t h e i r c a g e s . The con­
s t a n t l i g h t environment had an i l l u m i n a t i o n of 18 f t - c 
measured as r e f l e c t e d l i g h t from the cage f l o o r and 70 f t - c 
as measured from o u t s i d e of the cage ; l i g h t was fom two 
GS (F15T8.CW) 15-W f l o u r e s c e n t tubes (waves of 3 8 0 0 - 7 5 0 0 fi 
and peaking a t 6000 S), l o c a t e d 40 cm from the t o p of the 
a n i m a l ' s c a g e . Throughout the experiment room temperature 
was 25 + 1 ° C and food and water were prov ided ad l i b i t u m . 
Surgery 
A l l r a t s were a n e s t h e t i z e d wi th p e n t o b a r b i t a l 
sodium ( 3 5 mg/kg body we ight , i . p . ) p r i o r to s u r g e r y . The 
r a t s were r e s t r a i n e d i n a Kopf, s m a l l - a n i m a l s t e r e o t a x i c 
appara tus ( s e e Pig 3K The EKG was monitored on a Tek­
t r o n i x 561A o s c i l l o s c o p e and an audio sound system. Body 
temperature was mainta ined by p l a c i n g the animal on a 
Gorman-Rupp, c o n s t a n t temperature h e a t i n g pad. P r i o r t o 
r e c o r d i n g , the c r a n i a l sk in was i n c i s e d and the ca lvar ium 
and dura o v e r l y i n g the o p t i c t r a c t , l a t e r a l g e n i c u l a t e 
n u c l e i and v i s u a l c o r t e x were removed. The p u p i l s were 
d i l a t e d wi th Ifo a t r o p i n e s u l f a t e . The p h y s i o l o g i c a l c o n d i ­
t i o n of the animal was c o n t i n u o u s l y moni tored during 
surgery ,nd througl ut bhe r e c o r d i r sessior. examining 




( a o p r o x . gms) 
Age 
(wks) 
R e t i n a l 
C o n d i t i o n 
Exposure 
Times (wks) 
130 1 3 normal c y c l i c 
200 14 normal c y c l i c 
240 14 normal c y c l i c 
245 15 normal c y c l i c 
260 15 normal c y c l i c 
6 16 normal c y c l i c 
245 16 normal c y c l i c 
3 275 16 normal c y c l i c 
9 230 13 normal c y c l i c 
10 300 19 normal c y c l i c 
11 335 20 degenerate 6 
12 1 7 0 7 normal c y c l i c 
13 185 normal c y c l i c 
1 4 180 8 normal c y c l i c 
15 205 10 normal c y c l i c 
16 220 11 normal c y c l i c 
17 235 12 normal c y c l i c 
13 360 26 degenerate 15 
19 240 13 normal c y c l i c 
20 370 27 degenerate 16 
21 335 28 degenerate 
22 375 30 degenerate 18 
2 3 390 31 degenerate 20 
2 9 
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s e v e r a l p h y s i o l o g i c a l parameters . For example, a sharp 
i n c r e a s e or s low decrease i n h e a r t r a t e i n d i c a t e d t h a t the 
animal might be e x p e r i e n c i n g b r e a t h i n g v o m p l i c a t i o n s . 
I n c r e a s e d s a l i v a t i o n and c o n s t r i c t i o n of c o r t i c a l s u r f a c e 
v e s s e l s c h a r a c t e r i z e d a d e t e r i o r a t i o n i n the a n i m a l ' s 
c o n d i t i o n . 
E l e c t r o d e s 
M i c r o e l e c t r o d e s used i n the exper iments were g l a s s 
c a p i l l a r y tubes p u l l e d to a t i p d iameter of 1 . 5 t o 3 micra 
and f i l l e d wi th 2M NaCl . E l e c t r o d e c o o r d i n a t e s f o r r e ­
cord ing i n the l a t e r a l g e n i c u l a t e n u c l e u s were d e r i v e d from 
the DeGroot s t e r e o t a x i c a t l a s . The r a t ' s head was p l a c e d 
i n a f i x e d p o s i t i o n such t h a t the i n t e r a u r a l l i n e (an ima­
g i n a r y l i n e t h a t pas se s through the c e n t e r of each p lug 
when the r a t i s p l a c e d i n the s t e r e o t a x i c i n s t r u m e n t ) was 
e x a c t l y f i v e m i l l i m e t e r s below the l e v e l of the upper i n ­
c i s o r b a r . In the c o o r d i n a t e system of DeGroot ( 1 9 5 9 ) the 
h o r i z o n t a l zero p lane i s tangent t o the upper i n c i s o r bar 
and 5 . 0 mm above the i n t e r a u r a l l i n e . I t p a s s e s through 
the a n t e r i o r and p o s t e r i o r commissures . The d o r s a l - v e n t r a l 
c o o r d i n a t e s are i n d i c a t e d by a p l u s measurement above "0" 
and a minus measurement below "0" ( t h e h o r i z o n t a l zero 
p l a n e ) . The r o s t r a l - c a u d a l or a n t e r i o r - p o s t e r i o r c o o r d i n ­
a t e i s preceeded by a minus ( - ) s i g n i n those s e c t i o n s 
which are p o s t e r i o r to the v e r t i c a l zero p lane and by a 
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P O S I T I V E ( + ) S I G N FOR THOSE S E C T I O N S A N T E R I O R TO THE V E R T I ­
CAL AERO P L A N E . THE M E D I A L - L A T E R A L COORDINATE I S MEASURED 
A S P O S I T I V E V A L U E L A T E R A L TO THE M I D L I N E . 
S T I M U L A T I O N T E C H N I Q U E S 
THE P H O T I C S T I M U L A T I O N U S E D I N T H I S E X P E R I M E N T WERE 
A F L A S H S T I M U L U S , A CONSTANT L I G H T S T I M U L U S AND A CONCURRENT 
F L A S H AND CONSTANT L I G H T S T I M U L U S . T H E R E C O R D I N G ROOM WAS 
K E P T I N TOTAL D A R K N E S S SO A S NOT TO P R E S E N T ANY EXTRANEOUS 
V I S U A L S T I M U L A T I O N . L I G H T F L A S H E S W I T H A 1 0 MICROSECOND 
DURATION WERE D E R I V E D FROM A G R A S S MODEL P S - 2 P H O T I C S T I M U ­
LATOR ( I N T E N S I T Y RANGE = 9 - 4 X 1 0 ^ TO 1 5 X 1 0 ^ CANDLEPOWER) 
AND WERE P R E S E N T E D AT A RATE OF ONE E V E R Y 5 SECONDS AT A 
D I S T A N C E OF 6 0 CM FROM THE A N I M A L . A CONSTANT L I G H T S T I M U ­
L U S WAS PRODUCED FROM A C A S T L E S U R G I C A L L A M P , T Y P E M46 ( 1 2 0 V 
1 AMP, 60 C Y C L E S , 9 0 - 1 1 0 C A N D L E P O W E R ) . T H I S L I G H T SOURCE 
WAS P L A C E D AT A D I S T A N C E OF 80 CM FROM THE A N I M A L . E L E C ­
T R I C A L S T I M U L I TO THE V I S U A L CORTEX C O N S I S T E D OF U N I D I R E C ­
T I O N A L RECTANGULAR P U L S E S GENERATED B Y A G R A S S MODEL 3 - 4 
S T I M U L A T O R AND WAS D E L I V E R E D TO THE ANIMAL THROUGH A G R A S S 
MODEL S I U - 5 S T I M U L U S I S O L A T I O N U N I T . T H E E L E C T R I C A L P U L S E S 
HAD A DURATION OF 0 . 1 MSEC AND RANGED FROM 1 - 5 0 V O L T S I N 
I N T E N S I T Y . T H I S SOURCE OF S T I M U L A T I O N A I D E D I N V E R I F Y I N G 
THE T Y P E OF U N I T UNDER S T U D Y , S I N C E MANY C E L L S OF THE 
L A T E R A L G E N I C U L A T E N U C L E U S R E S P O N D TO ANT IDROMIC I N V A S I O N 
F O L L O W I N G S T I M U L A T I O N OF THE V I S U A L C O R T E X . 
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Data A n a l y s i s 
Response l a t e n c i e s were computed d i r e c t l y from the 
o s c i l l o s c o p e or from photographs of r e s p o n s e s . Unit r e ­
sponses were a n a l y s e d u s i n g p o s t - s t i m u l u s t ime h i s t o g r a m s 
and i n t e r s p i k e i n t e r v a l h i s t o g r a m s . 
The P o s t - S t i m u l u s Time Histogram (PST) program i s a 
product o f the D i g i t a l Equipment C o r p o r a t i o n Program 
L i b r a r y . The program r e c o r d s a l l s i g n a l s ( a c t i o n p o t e n ­
t i a l s ) c r o s s i n g a p r e - s e t v o l t a g e t h r e s h o l d l e v e l ( s e t a t 
+ 7 m i c r o v o l t s i n the p r e s e n t s tudy) f o l l o w i n g a t r i g g e r 
event ( s e e P ig 4 , "NEURONAL ACTIVITY" f o r example of t h r e s ­
h o l d l e v e l ) . A f t e r the primary event ( e . g . , a s t i m u l u s ) 
the program measures the t ime of occurrence of a l l s u b s e ­
quent e v e n t s (neuronal r e s p o n s e s ) above the t h r e s h o l d l e v e l . 
The PST Histogram r e p r e s e n t s a sum of a l l a c t i v i t y f o l l o w ­
i n g c o n s e c u t i v e s t i m u l i ( s e e P ig 4 ) . Por one s t i m u l u s , the 
r e s u l t i n g PST h i s t o g r a m can be r e f e r r e d to a s a one-epoch 
PST. Por each a c t i o n p o t e n t i a l t h a t occurs f o l l o w i n g 
s t i m u l a t i o n , the a p p r o p r i a t e b i n corresponding to the 
p o t e n t i a l ' s t ime of occurrence i s incremented ( s e e P i g 4 , 
"1 Epoch PST") . F o l l o w i n g the second s t i m u l u s , the r e ­
s u l t i n g PST h i s togram can be r e f e r r e d t o as a summated 
two-epoch PST. Two i n d i v i d u a l , one-epoch PST h i s t o g r a m s 
are summated ( s e e F i g 4 , "Summated 2 E p o c h s " ) . I n a c t u a l ­
i t y 1 0 0 - e p o c h PST h i s tograms are u s e d , t h a t i s a l i g h t 
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f lash, s t i m u l u s i s p r e s e n t e d 1 0 0 t imes a t 5 second i n t e r v a l s 
of t i m e . Thus, the program accumulates the t ime of o c c u r ­
rence f o r a l l corresponding neuronal r e s p o n s e s . The h i s t o ­
grams i l l u s t r a t e the f requency of occurence of a c t i o n 
p o t e n t i a l s ( e v e n t s ) a t any t ime T f o l l o w i n g s t i m u l a t i o n . 
I n the PST Histogram the s t i m u l u s , t i m e - l o c k e d 
a x i s ( a b s c i s s a ) i s segmented i n t o b i n s and the o r d i n a t e 
v a l u e of each b i n i s equal to the t o t a l number of neurona l 
d i s c h a r g e s i n the t ime i n t e r v a l of the b i n . The program 
a l l o w s the u s e r t o s p e c i f y the number of t i m e s , s t i m u l i 
and succeed ing a c t i o n p o t e n t i a l s w i l l be accummulated 
( e p o c h s ) , the d u r a t i o n of the t ime a x i s (number of b i n s ) , 
and the r e s o l u t i o n of the t ime a x i s ( b i n w i d t h ) . 
In a d d i t i o n t o r e c o r d i n g the t ime occurrence of 
event s f o l l o w i n g a s t i m u l u s , the PST program can show a 
zero order h i s t o g r a m . Thi s i s a graph r e v e a l i n g the 
number of a c t i o n p o t e n t i a l s ( s p i k e above t h r e s h o l d ) 
f o l l o w i n g succeed ing s t i m u l i ( s e e Pig 4 , " 1 Epoch zero 
o r d e r " ) . The a b s c i s s a i s d i v i d e d i n t o u n i t s of epochs 
( t h e number o f samples) whi l e the o r d i n a t e v a l u e of each 
epoch i s p r o p o r t i o n a l to the t o t a l number of neurona l 
d i s c h a r g e s which occurred during t h a t sample . Th i s 
f e a t u r e o f the PST program a l l o w s the u s e r t o see i f the 
o v e r a l l a c t i v i t y f o l l o w i n g c o n s e c u t i v e s t i m u l i remains 
cons tant through t i m e , or i n c r e a s e s or d e c r e a s e s perhaps 
N E U R O N A L A C T I V I T Y 
T H R E S H O L D 
N E U R O N A L A C T I V I T Y 
MSEC MSEC 
1 E P O C H P S T 
III I i 
3 5 9 15 
B I N S 
1 E P O C H Z E R O ORDER 
SUMMATED 2 E P O C H S 
Id J I 
3 5 9 15 30 
B I N S 
SUMMATED Z E R O ORDER 
EPOCHS 
1 E P O C H T L 
Liu 
Z2 4 6 B I N S 
12 
E P O C H S 
SUMMATED T L 
W 
T i b 
i 
21 
B I N S 
Figure 4 . Example of Summating A c t i v i t y Generat ing PST and T l His tograms 
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due t o a d a p t i o n , f a t i q u e , or l o s s of u n i t ( s e e F i g 4 , 
"Summated zero o r d e r " ) . 
The Time I n t e r v a l Histogram ( T I ) program, a l s o from 
t h e D E C U 3 Program L i b r a r y , measures the frequency of s i g ­
n a l s which c r o s s a s e t t h r e s h o l d l e v e l . The program s t o r e s 
t h e s e s i g n a l s ( a c t i o n p o t e n t i a l s ) as a f u n c t i o n of the t ime 
i n t e r v a l s between them. For one s t i m u l u s , the r e s u l t i n g TI 
can be r e f e r r e d t o a s a one epoch T I . The t ime i n t e r v a l s 
between succeed ing a c t i o n p o t e n t i a l s are measured and each 
b i n ( t ime a x i s ) corresponding t o the i n t e r v a l of t ime i s 
incremented ( s e e F ig 4 , " 1 Epoch TI" and "Summated T I " ) . 
The Time I n t e r v a l His togram r e p r e s e n t s a d i s t r i b u t i o n over 
t ime of the c o l l e c t e d data and the r a t e a t which the data 
o c c u r r e d . The data i s p r e s e n t e d as a p l o t of f requency of 
event s v e r s u s i n t e r v a l t i m e . 
P r i o r t o data c o l l e c t i o n the program a l l o w s the u s e r 
t o s p e c i f y the d u r a t i o n of the t ime a x i s (number of b i n s ) , 
the r e s o l u t i o n of the t ime a x i s ( b i n w i d t h ) , the minimum 
t ime t h a t must pass b e f o r e an i n t e r v a l i s c o n s i d e r e d a 
v a l i d i n t e r v a l ( m i n t i m e ) , and the t o t a l run t ime of the 
experiment ( e p o c h s ) . 
The Time I n t e r v a l His togram a l l o w s the u s e r t o v iew 
the r h y t h m i c i t y o f an incoming s i g n a l . For example , a 
nerve c e l l f i r i n g a t e x a c t l y one p e r second w i l l produce a 
Time I n t e r v a l Histogram was only one b i n incremented . The 
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program was used as an o p t i o n to view the spontaneous 
a c t i v i t y of a s i n g l e c e l l i n c o n j u n c t i o n wi th the PST 
His togram. 
Data A c q u i s i t i o n 
A l l neuronal r e s p o n s e s were recorded through a Grass 
High Impedance Probe , Model HIP511C, and f e d through a 
Grass P511 p r e a m p l i f i e r t o a T e k t r o n i x 549 s t o r a g e o s c i l l o ­
scope f o r d i r e c t v i s u a l i s a t i o n . In a d d i t i o n , an audio 
moni tor was used to a i d i n the d e t e c t i o n of s i n g l e n e u r a l 
u n i t s . When a u n i t responded t o a v i s u a l s t i m u l u s , r e s p o n ­
s e s were r e l a y e d t o a PDP-3L computer f o r a n a l y s i s . The 
r e s u l t s v/ere v i s u a l i z e d on a T e k t r o n i x RIVI 503 o s c i l l o s c o p e 
t h a t i s a s s o c i a t e d with the computer ( s e e P ig 3 ) - Responses 
were photographed wi th a P o l a r o i d camera d i r e c t l y from the 
f a c e of the s t o r a g e o s c i l l o s c o p e or from the o s c i l l o s c o p e 
a s s o c i a t e d wi th the computer. The exper imenta l procedures 
used f o r a n a l y s i s i s d e t a i l e d i n F igure 5 . A l l neurona l 
u n i t s were i n i t i a l l y t e s t e d f o r a response t o a f l a s h o f 
l i g h t . F o l l o w i n g the appearence of a v i s u a l l y evoked 
r e s p o n s e , the PST Paradigm was begun. The r e s p o n s e p a t ­
t e r n s genera ted by f l a s h s t i m u l i during i n c r e a s e d ambient 
i l l u m i n a t i o n and only c o n s t a n t l i g h t s t i m u l a t i o n were p r o ­
duced a c c o r d i n g to the PST Paradigm. Data f o r each h i s t o ­
gram was genera ted by examining the r e s p o n s e s of a LGN c e l l 
t o one-hundred (epochs = 1 0 0 ) c o n s e c u t i v e p h o t i c s t i m u l i 
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Determine c o o r d i n a t e s f o r e l e c t r o d e t r a c k : 
a n t e r i o r - p o s t e r i o r 
m e d i a l - l a t e r a l 
h o r i z o n t a l ( z e r o p l a n e ) 
lHove ( l o w e r ) m i c r o e l e c t r o d e < 
Locate NEURONAL UNIT 
Present FLASH of l i g h t s t i m u l u s 
I s t h e r e an evoked r e s p o n s e ? 
YES NO 
BEGIN PST Paradigm 
I . Present FLASH ONLY 
Record PST h i s togram of a c t i v i t y 
Record PST zero order h i s togram 
I I . Present NO FLASH; NO LIGHT ( f o r c o n t r o l ) 
Record PST h i s togram of a c t i v i t y 
Record PST zero order h i s togram 
I I I . Present CONSTANT LIGHT wi th FLASH 
I s t h e r e an evoked r e s p o n s e ? 
NO YEsJ 
Record PST h i s togram of a c t i v i t y 
Record PST zero order h i s togram 
I V . Present CONSTANT LIGHT ONLY 
I s t h e r e an evoked r e s p o n s e ? 
YEs| NO 
Record PST h i s togram of a c t i v i t y 
Record PST zero order h i s togram 
V. Present NO FLASH; NO LIGHT 
Used to check c o n t r o l ( s p o n t a n e o u s ) 
a c t i v i t y when compared to Part I I . 
V I . Note l o c a t i o n of recorded c e l l 
F igure 5. Exper imenta l Procedures 
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p r e s e n t e d t o the c o n t r a l a t e r a l r e t i n a . Each PST h i s togram 
c o n s i s t e d of 100 BINS, 10 msec i n d u r a t i o n . Each TI h i s t o ­
gram c o n s i s t e d of 100 BINS, two msec between each b i n . 
E l e c t r o d e Placements 
A l l e l e c t r o d e placements were v e r i f i e d by making 
D . C . l e s i o n s ( 2 0 microamps of r a d i o frequency current f o r 
3 minutes ) a t the s i t e of n e u r a l u n i t s , a f t e r r e c o r d i n g 
re sponse p a t t e r n s . In a d d i t i o n , D . C . l e s i o n s were p l a c e d 
a t the deepes t p e n e t r a t i o n of each e l e c t r o d e t r a c k to f u r ­
t h e r a i d i n the h i s t o l o g i c a l d e t e r m i n a t i o n of e l e c t r o d e 
p lacement . A l l l e s i o n s were made u s i n g a E l e c t r o n i c s L i f e 
S c i e n c e s , I n c . , Constant Current Source , Model Number 
TCCS1A. 
T i s s u e Examinat ion 
A t the c o n c l u s i o n of each r e c o r d i n g s e s s i o n , the 
eyes were removed and f i x e d i n B o u i n ' s s o l u t i o n f o r f o u r 
hours and then p l a c e d i n QO/o a l c o h o l . The b r a i n was p l a c e d 
i n 1 0 # b u f f e r e d f o r m a l i n f o r 2 - 3 weeks. A b l o c k of the 
p o s t e r i o r t w o - t h i r d s of the l e f t hemisphere was removed f o r 
h i s t o l o g i c a l c o n f i r m a t i o n of e l e c t r o d e p lacement . The 
t i s s u e can then be p r o c e s s e d r o u t i n e l y and s t a i n e d i n e i t h e r 
h e m o t o x y l i n - e o s i n or c r e s y l e c h t v i o l e t f o r t i s s u e examina­
t i o n . 
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F A C I L I T I E S A V A I L A B L E 
LABORATORY 
T H I S R E S E A R C H WAS PERFORMED I N THE LABORATORY OF 
D R . K . V . A N D E R S O N . THE LABORATORY I N C L U D E D AN E L E C T R O -
P H Y S I O L O G Y L A B , A H I S T O L O G Y L A B AND A DARK ROOM. 
A N I M A L S 
A L L A N I M A L S WERE HOUSED AT THE ANIMAL QUARTERS AT 
EMORY U N I V E R S I T Y I N THE DEPARTMENT OF ANATOMY. 
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CHAPTER I V 
R E S U L T S 
A C L A S S I F I C A T I O N SCHEMA WAS D E V E L O P E D FOR NEURONS 
I N THE L A T E R A L G E N I C U L A T E N U C L E I ( L G N ) OF R A T ' S W I T H 
NORMAL I N T A C T V I S U A L S Y S T E M S . T H I S C L A S S I F I C A T I O N OF C E L L S 
WAS B A S E D ACCORDING TO THE R E S P O N S E P A T T E R N S GENERATED B Y 
F L A S H S T I M U L A T I O N TO THE CONTRALATERAL R E T I N A . A D E T A I L E D 
U N D E R S T A N D I N G OF T H I S C L A S S I F I C A T I O N S Y S T E M W I L L B E F U L L Y 
D E V E L O P E D I N T H I S C H A P T E R , CONCURRENT W I T H E X A M P L E S OF 
R E S P O N S E P A T T E R N S OF EACH T Y P E . THE C E L L T Y P E S I N C L U D E : 
I . S I M P L E NEURONS 
S I M P L E - O N : T H E S E NEURONS D I S P L A Y A S I N G L E 
WAVE OF I N C R E A S E D E X C I T A B I L I T Y 2 0 - 3 0 MSEC 
(SHORT L A T E N C Y ) F O L L O W I N G F L A S H S T I M U L A T I O N 
S I M P L E - O F F : T H E S E NEURONS D I S P L A Y A S I N G L E 
WAVE OF D E C R E A S E D E X C I T A B I L I T Y 3 0 - 1 0 0 MSEC 
F O L L O W I N G F L A S H S T I M U L A T I O N 
I I . COMPLEX NEURONS 
C O M P L E X : T H E S E NEURONS ARE C H A R A C T E R I Z E D B Y 
S E V E R A L WAVES OF I N C R E A S E D E X C I T A B I L I T Y 
AND ONE OR MORE WAVES OF D E C R E A S E D E X C I T A ­
B I L I T Y PRODUCED B Y F L A S H S T I M U L U S 
U S I N G T H I S C L A S S I F I C A T I O N SCHEME D E V E L O P E D FROM THE NORMAL 
DATA, THE R E S P O N S E P A T T E R N S OF NEURONS OF THE LGN OF THE 
DEGENERATE R E T I N A L A N I M A L S WERE S T U D I E D . ANY V I S U A L I N F O R ­
MATION RECORDED FROM THE L G N OF A N I M A L S D E V O I D OF PHOTO­
R E C E P T O R C E L L S WOULD B E I M P O R T A N T . HOWEVER, A COMPARISON 
OF R E S P O N S E P A T T E R N S TO P H O T I C S T I M U L A T I O N B E T W E E N ANIMAL 
groups was in tended t o a i d i n unders tanding the u n d e r l y i n g 
d i f f e r e n c e s i n v i s u a l i n f o r m a t i o n t r a n s f e r between the two 
animal g r o u p s . 
A t o t a l of 5 2 5 JJGN c e l l s were s t u d i e d from a t o t a l 
of 2 3 a d u l t , female a l b i n o r a t s . In seventeen c o n t r o l r a t s 
( a n i m a l s wi th normal r e t i n a s ) , a t o t a l of 3 6 5 c e l l s were 
s t u d i e d . The remaining 1 6 0 LGN c e l l s were s t u d i e d i n s i x 
exper imenta l r a t s wi th e x t e n s i v e r e t i n a l damage. The 
re sponse p a t t e r n s of 1 3 0 LGN c e l l s from the c o n t r o l an imals 
and 4 5 LG-N c e l l s from the exper imenta l an imals were exa ­
mined wi th computer a n a l y s i s t e c h n i q u e s ( s e e Table 2 ) . 
These c e l l s were s t u d i e d u s i n g the PST Histogram Paradigm. 
In s e v e r a l i n s t a n c e s , the Time I n t e r v a l Histogram was used 
t o i n v e s t i g a t e the r h y t h m i c i t y i n spontaneous neuronal 
a c t i v i t y . The c e l l s were c l a s s i f i e d a c c o r d i n g to t h e i r 
response p a t t e r n s generated by f l a s h s t i m u l a t i o n . The 
remaining LGN c e l l s were not f u l l y a n a l y z e d due t o the low 
v o l t a g e of a c t i o n p o t e n t i a l s or the i n a b i l i t y to r e c o r d 
the e n t i r e sequence of response p a t t e r n s . 
The LGN c e l l s of b o t h exper imenta l and c o n t r o l 
an imal s were c l a s s i f i e d a c c o r d i n g to t h e i r re sponse p a t t e r n s 
which c o u l d be d i r e c t l y recorded or r e l a y e d to the computer 
f o r a n a l y s i s . P ig 6 ("INTACT RETINAS") i l l u s t r a t e s an 
example o f the neurona l a c t i v i t y recorded from a c e l l of 
the LGN of a c o n t r o l an imal . The spontaneous a c t i v i t y 
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Table 2 . L a t e r a l G e n i c u l a t e N u c l e i C e l l s 
S t u d i e d With Response P a t t e r n s 
Animal Group C e l l Type Number of c e l l s 





















F igure 6 . Example of Neuronal A c t i v i t y Recorded From LGN C e l l s 
( T o t a l sweep t ime 500 msec; maximum ampl i tude . 5 0 mv) 
4$ 
OF THE L G N C E L L I N THE A B S E N C E OF ANY V I S U A L S T I M U L A T I O N 
I S SHOWN I N P I G 6 ( " S P O N T A N E O U S B E F O R E S T I M U L U S " ) . A 
P A R T I A L S U P P R E S S I O N I N THE RATE OF A C T I V I T Y OCCURRED 
F O L L O W I N G AN I N C R E A S E I N A M B I E N T L I G H T ( P I G 6 , "CONSTANT 
L I G H T " ) . F O L L O W I N G THE C E S S A T I O N OF THE L I G H T S T I M U L U S , 
T H E L G N C E L L RETURNED TO THE CONTROL L E V E L OF SPONTANEOUS 
A C T I V I T Y ( F I G 6 , "SPONTANEOUS A F T E R S T I M U L U S " ) . A S I M I L A R 
E X A M P L E OF NEURONAL A C T I V I T Y WAS RECORDED FROM A L G N C E L L 
OF AN E X P E R I M E N T A L A N I M A L , WHOSE R E T I N A S WERE D E V O I D OF 
PHOTORECEPTOR C E L L S ( F I G 6 , " D E G E N E R A T E R E T I N A S " ) . THE 
CONTROL A C T I V I T Y OF THE LGN C E L L , I N T H E A B S E N C E OF ANY 
V I S U A L S T I M U L A T I O N I S SHOWN I N F I G 6 ( " S P O N T A N E O U S P R E -
S T I M U L U S " ) , WHEN THE A M B I E N T L I G H T WAS I N C R E A S E D , T H E L G N 
C E L L D I S P L A Y E D A P A R T I A L S U P P R E S S I O N I N THE RATE OF N E U ­
RAL D I S C H A R G E S . F O L L O W I N G THE C E S S A T I O N OF THE L I G H T S T I M ­
U L U S , THE L G N C E L L RESUMED F I R I N G AT P R E - S T I M U L U S L E V E L S 
( F I G 6 , " S P O N T A N E O U S P O S T - S T I M U L U S " ) . 
THE P S T H I S T O G R A M S I L L U S T R A T E THE R E S P O N S E A C T I V I T Y 
OF NEURONS TO P H O T I C S T I M U L A T I O N . T H E S E N S I T I V I T Y OF LGN 
NEURONS TO V I S U A L S T I M U L I WAS D E T E R M I N E D B Y COMPARING 
CONTROL T I M E H I S T O G R A M S OF SPONTANEOUS A C T I V I T Y W I T H THE 
P S T H ISTOGRAMS GENERATED FROM P H O T I C S T I M U L A T I O N . NEURONS 
F I R I N G SPONTANEOUSLY (NO P H O T I C S T I M U L A T I O N ) T Y P I C A L L Y SHOW 
AN E N V E L O P OF A C T I V I T Y B E S T F I T T E D W I T H A S T R A I G H T H O R I ­
ZONTAL L I N E ( R E F E R TO CHAPTER I I I , F I G 4 FOR D I S C U S S I O N OF 
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PST h i s t o g r a m s ) . T h e r e f o r e , the p r o b a b i l i t y of an a c t i o n 
p o t e n t i a l o c c u r r i n g during the d i f f e r e n t t ime i n t e r v a l s o f 
the h i s togram would be n e a r l y e q u a l . However, when a 
neuron i s i n f l u e n c e d by v i s u a l s t i m u l a t i o n , the response 
p a t t e r n d i s p l a y s one or more p e r i o d s o f i n c r e a s e d e x c i t a ­
b i l i t y . The waves of e x c i t a t i o n r e p r e s e n t i n c r e a s e s i n the 
p r o b a b i l i t y of a neuron f i r i n g f o l l o w i n g v i s u a l s t i m u l a t i o n . 
The g r e a t e r the ampl i tude of the wave of e x c i t a b i l i t y 
( h i g h e s t peaks i n the h i s t o g r a m s ) , the g r e a t e r the p r o b a ­
b i l i t y of an a c t i o n p o t e n t i a l o c c u r r i n g during the e x c i t a ­
t o r y p e r i o d . The t ime durat ion of e x c i t a t i o n can range 
from 10 msec to 2 sec ( 1 - 2 0 0 B I N S ) . A d d i t i o n a l l y , the 
waves of decreased a c t i v i t y i n d i c a t e d i n t e r v a l s of t ime 
f o l l o w i n g s t i m u l a t i o n , i n which a neuron e x h i b i t e d a d e ­
c r e a s e d occurrence of a c t i o n p o t e n t i a l s . Thus, the PST 
h i s t o g r a m s express p r o b a b i l i t y - t i m e d i s t r i b u t i o n s f o r the 
occurrence of a c t i o n p o t e n t i a l s . 
Data From Normal R e t i n a l R a t s 
A comparison of f i r i n g p r o p e r t i e s of LGN c e l l s 
recorded from c o n t r o l an imals ( F i g s 7-13) r e s u l t e d i n a 
c l a s s i f i c a t i o n of t h e s e c e l l s , a c c o r d i n g to t h e i r re sponse 
p a t t e r n s . The e f f e c t of l i g h t s t i m u l a t i o n on the LGN c e l l s 
v a r i e d from producing s imple response p a t t e r n s to evoking 
very complex p a t t e r n s of r e s p o n s e . Whi le the s imple r e ­
sponse p a t t e r n s were no t as common as the more complex 
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P A T T E R N S , THEY WERE THE E A S I E S T TO E X P L A I N . F I G U R E S 7 AND 
8 I L L U S T R A T E S I M I L A R S I M P L E R E S P O N S E P A T T E R N S OF TWO LGN 
C E L L S TO F L A S H E S OF L I G H T . I N T H E S E N E U R O N S , A S I N G L E WAVE 
OF E X C I T A T I O N OCCURRED B E T W E E N 2 0 - 3 0 MSEC ( S E E F I G 7 , 
" F L A S H " ) F O L L O W I N G S T I M U L A T I O N , I N D I C A T I N G AN E L E V A T E D 
P R O B A B I L I T Y OF F I R I N G D U R I N G T H I S P E R I O D . THE T I M E DURA­
T I O N FOR THE P E R I O D OF E X C I T A T I O N WAS R E L A T I V E L Y CONSTANT 
FOR EACH C E L L , BUT V A R I E D B E T W E E N C E L L S (TOTAL RANGE OF 
2 0 - 4 0 M S E C ) . T H I S GROUP OF LGN C E L L S E X H I B I T SPONTANEOUS 
R A T E S WHICH VARY B E T W E E N 0 . 1 ( S E E F I G 7 , " S P O N T A N E O U S " ) 
AND 4 . 0 D I S C H A R G E S / S E C O N D . F I G 8 I S A SECOND EXAMPLE OF 
THE S I M P L E R E S P O N S E P A T T E R N TO F L A S H S T I M U L A T I O N ( F I G 8 , 
" F L A S H " ) FROM ANOTHER LGN C E L L . I N A D D I T I O N , F I G 8 
( "CONSTANT L I G H T + F L A S H " ) I L L U S T R A T E S A R E S P O N S E P A T T E R N 
EVOKED B Y F L A S H S T I M U L I D U R I N G AN I N C R E A S E D A M B I E N T I L L U ­
M I N A T I O N . I N T H I S C E L L , A S I S THE C A S E FOR MOST S I M P L E 
C E L L S , THE I N C R E A S E D A M B I E N T L I G H T DOES NOT A L T E R THE 
R E S P O N S E P A T T E R N EVOKED B Y THE F L A S H S T I M U L A T I O N . 
T H E COMPLEX R E S P O N S E P A T T E R N S ( F I G S 9 - 1 3 ) R E V E A L 
I N A D D I T I O N TO THE SHORT LATENCY ( 2 0 - 3 0 M S E C ) , SHORT DURA­
T I O N ( 1 0 - 2 0 M S E C ) WAVE OF E X C I T A T I O N OF THE S I M P L E R E S P O N S E 
P A T T E R N S , LONGER L A T E N C Y , LONGER DURATION WAVES OF E X C I T A ­
T I O N ( L A T E N C I E S 6 0 - 1 8 0 0 M S E C ) . I N ALL COMPLEX N E U R O N S , 
F L A S H E S OF L I G H T EVOKED R E S P O N S E S THAT ARE C H A R A C T E R I S E D 
B Y S E V E R A L P E R I O D S OF I N C R E A S E D OR D E C R E A S E D E X C I T A B I L I T Y . 
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F igure 8 . A Simple Response Pa t t ern -Second Example 
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The d u r a t i o n of the long l a t e n c y (beyond 250 msec) waves 
of e x c i t a b i l i t y g r e a t l y exceed the shor t d u r a t i o n waves 
wi th e a r l y l a t e n c i e s . In most response p a t t e r n s to f l a s h 
s t i m u l i , the complex c e l l s r e v e a l shor t l a t e n c y waves with 
g r e a t e r ampl i tude than the l ong l a t e n c y waves of a c t i v i t y . 
The response of a complex neuron showing a s i n g l e 
wave o f e x c i t a t i o n , 1 0 msec i n d u r a t i o n , f o l l o w e d by a 
pro longed wave of e x c i t a b i l i t y i s i l l u s t r a t e d i n F i g 9 
("FLASH"). A b u r s t i n g of d i s c h a r g e s produced the wave of 
e x c i t a b i l i t y between 240 and 380 msec (BINS 2 4 - 3 8 ) . A wave 
of decreased e x c i t a b i l i t y or suppressed a c t i v i t y , 3 0 - 2 0 0 
msec f o l l o w i n g f l a s h s t i m u l a t i o n , i s a l s o e v i d e n t . In most 
complex c e l l s , the p e r i o d s of s u p p r e s s i o n of a c t i v i t y were 
denoted by spaces i n the response p a t t e r n and v a r i e d i n 
number and d u r a t i o n from one c e l l to a n o t h e r . 
A re sponse p a t t e r n evoked by f l a s h s t i m u l i , s i m i l a r 
t o F i g 9 f i s i l l u s t r a t e d i n F i g 1 0 . T h i s neuron e x h i b i t e d 
a s i n g l e wave of e x c i t a t i o n ( 2 0 - 3 0 m s e c ) , f o l l o w e d by a 
wave of decreased e x c i t a b i l i t y ( 5 0 - 2 2 0 msec) and a l o n g e r 
l a t e n c y wave of e x c i t a b i l i t y a t a l a t e n c y of 2 5 0 - 8 0 0 msec 
( s e e F ig 1 0 , "FLASH"). During an i n c r e a s e d ambient l i g h t ­
i n g ( F i g 1 0 , "CONSTANT LIGHT + FLASH"), the shor t l a t e n c y 
wave of e x c i t a t i o n was not evoked by the f l a s h s t i m u l i . 
T h i s f i n d i n g was observed i n most complex c e l l s . However, 




F igure 9. An Example of the Complex Response P a t t e r n 
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F I G U R E 1 0 . A C O M P L E T E R E S P O N S E P A T T E R N ( C O M P L E X ) 
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LIGHT + PLASH" and "CONSTANT LIGHT") r e v e a l the presence 
o f a long d u r a t i o n wave of e x c i t a b i l i t y produced by b u r s t s 
of d i s c h a r g e s evoked by the f l a s h s t i m u l i . A d d i t i o n a l l y , 
P ig 10 ("SPONTANEOUS") i l l u s t r a t e s a comparable r a t e of 
a c t i v i t y p r i o r and a f t e r a n a l y s i s . 
Another example of the complex i ty seen i n the r e ­
sponse p a t t e r n s to p h o t i c s t i m u l a t i o n can be seen i n Pig 1 1 . 
P ig ("PLASH") shov/s a LGN c e l l r e v e a l i n g t h r e e s h o r t dura­
t i o n , s h o r t l a t e n c y ( 2 0 - 3 0 msec; 2 0 0 - 2 1 0 msec; 2 8 0 - 2 9 0 msec) 
waves of e x c i t a t i o n evoked by f l a s h s t i m u l i . A long dura­
t i o n wave of e x c i t a t i o n a t a l a t e n c y o f 3 1 0 - 1 4 0 0 msec 
f o l l o w e d the shor t l a t e n c y waves of a c t i v i t y . The response 
p a t t e r n produced by the f l a s h s t i m u l i during an i n c r e a s e d 
ambient l i g h t (P ig 1 1 , "CONSTANT LIGHT + PLASH") r e v e a l e d 
the n o t a b l e absence of both the s h o r t l a t e n c y and the p r o ­
longed waves of e x c i t a t i o n evoked by the f l a s h s t i m u l u s . A 
c h a r a c t e r i s t i c of some complex c e l l s , a f t e r an i n c r e a s e in 
ambient i l l u m i n a t i o n i s the p a r t i a l suppres s ion of neuronal 
a c t i v i t y ( s e e P ig 1 1 , "CONSTANT LIGHT"). The t ime d u r a t i o n 
f o r the s u p p r e s s i o n of a c t i o n p o t e n t i a l s f o l l o w i n g the o n ­
s e t of the c o n s t a n t l i g h t s t i m u l i v a r i e d from one c e l l to 
a n o t h e r . In most i n s t a n c e s , the p e r i o d of suppressed a c ­
t i v i t y f o l l o w i n g cons tant l i g h t s t i m u l a t i o n d i d no t l a s t 
beyond 150 seconds a f t e r the onset of the l i g h t . I t was 
obv ious during these experiments t h a t the d u r a t i o n of 
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F igure 1 1 . Complex Response P a t t e r n s - P r o l o n g e d Waves 
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suppressed a c t i v i t y was dependent upon the l e v e l of b a c k ­
ground i l l u m i n a t i o n , a l though f u r t h e r a n a l y s i s of t h i s 
e f f e c t was l e f t f o r f u t u r e e x p e r i m e n t a t i o n . 
A suppres s ion i n the neuronal a c t i v i t y of some LGN 
c e l l s can be evoked by the f l a s h s t i m u l i , a s i l l u s t r a t e d i n 
F i g 1 2 . A wave o f decreased e x c i t a b i l i t y evoked by the 
l i g h t , c h a r a c t e r i s t i c of a l l s i m p l e - o f f neurons , occurred 
between 30 msec and 100 msec ( F i g 1 2 , "FLASH"). The peak 
i n the wave of decreased e x c i t a b i l i t y r e v e a l e d a t o t a l 
s u p p r e s s i o n of a c t i v i t y between 6 0 - 7 0 msec f o l l o w i n g the 
f l a s h s t i m u l i . In the absence of any v i s u a l s t i m u l a t i o n , 
t h e s e complex c e l l s r e v e a l a h i g h r a t e of spontaneous a c ­
t i v i t y , approx imate ly 2 0 - 3 0 d i s c h a r g e s / s e c o n d ( F i g 1 2 , 
"SPONTANEOUS"). 
The complex response p a t t e r n s of some LGN c e l l s , 
q u i t e u n l i k e those so f a r d e s c r i b e d i s i l l u s t r a t e d i n F i g 
1 3 . One of the most unusual r e sponse p a t t e r n s of the 
complex c e l l s to f l a s h s t i m u l a t i o n i s i l l u s t r a t e d i n F ig 13 
("FLASH"). The response p a t t e r n d i s p l a y e d a s i n g l e s h o r t 
l a t e n c y ( 2 0 - 3 0 msec) wave of e x c i t a t i o n , f o l l o w e d by s e v e r ­
a l l o n g e r d u r a t i o n waves of e x c i t a b i l i t y ( 2 6 0 - 1 3 0 0 m s e c ) . 
A p a r t i a l suppres s ion of a c t i v i t y occurred between the 
waves of e x c i t a t i o n . A f t e r i n c r e a s i n g the ambient l i g h t , 
the evoked response to the f l a s h s t i m u l i ( F i g 1 3 , "CONSTANT 
LIGHT + FLASH") r e v e a l e d only the s h o r t l a t e n c y wave of 
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F I G U R E 1 3 . AN UNUSUAL COMPLEX R E S P O N S E P A T T E R N 
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e x c i t a t i o n ( l a t e n c y 2 0 - 3 0 m s e c ) . 
Data from R e t i n a l Damaged Rats 
The response p a t t e r n s of LGN c e l l s from the e x p e r i ­
mental an imals with e x t e n s i v e r e t i n a l damage, demonstrate 
the same complex i ty as i n the c o n t r o l d a t a . The re sponses 
of most of the LGN c e l l s t o f l a s h s t i m u l a t i o n r e v e a l e d a 
s i n g l e short l a t e n c y wave of e x c i t a t i o n , 20 msec i n dura­
t i o n . However, the l a t e n c y of the wave of e x c i t a t i o n 
v a r i e d from 70 t o 120 msec. A p e r i o d of complete suppressed 
a c t i v i t y (wave of decreased e x c i t a b i l i t y ) u s u a l l y f o l l o w e d 
the wave of i n c r e a s e d e x c i t a b i l i t y . The t ime d u r a t i o n f o r 
the suppressed a c t i v i t y was a l s o v a r i a b l e among the c e l l s 
o f the exper imenta l group ( t o t a l range 1 5 0 - 3 8 0 m s e c ) . 
F i g u r e s 14 and 15 i l l u s t r a t e examples of the complex na ture 
of t h e s e LGN c e l l s . F ig 14 ("FLASH 1 1) shows a s h o r t dura­
t i o n wave of e x c i t a t i o n 1 0 0 - 1 1 0 msec a f t e r the f l a s h s t i m ­
u l i , i n d i c a t i n g a h i g h p r o b a b i l i t y of evoking a r e s p o n s e . 
A complete s u p p r e s s i o n of neuronal a c t i v i t y f o l l o w e d the 
wave of e x c i t a t i o n . No long l a t e n c y waves of e x c i t a b i l i t y 
were evoked by the f l a s h s t i m u l i , a f i n d i n g observed i n 
most c e l l s of t h i s group . A f t e r i n c r e a s i n g the ambient 
i l l u m i n a t i o n the response p a t t e r n evoked by the l i g h t 
f l a s h e s r e v e a l e d no p e r i o d s of i n c r e a s e d or decreased 
a c t i v i t y ( F i g 1 4 , "CONSTANT LIGHT + FLASH"). A t ime 
i n t e r v a l h i s togram f o r the LGN c e l l ' s spontaneous a c t i v i t y 
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F igure 1 4 . Complex Response P a t t e r n - D e g e n e r a t e R e t i n a s 
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r e v e a l e d a d i s t i n c t r h y t h m i c i t y i n the r a t e of neuronal 
a c t i v i t y (P ig 1 4 , "TIME INTERVAL"). 
In some LGN c e l l s from the exper imenta l group , the 
c o m p l e x i t y i n response p a t t e r n s made i t d i f f i c u l t t o a s c e r ­
t a i n the e x t e n t of the evoked r e s p o n s e . A wide ly vary ing 
f requency of spontaneous a c t i v i t y causes d i f f i c u l t y i n dem­
o n s t r a t i n g the e f f e c t of p h o t i c s t i m u l a t i o n . P ig 15 
("PLASH") i l l u s t r a t e s a neuron t h a t appears to e x h i b i t a 
l o n g l a t e n c y ( 2 3 0 - 2 6 0 msec) wave of e x c i t a t i o n f o l l o w i n g 
f l a s h s t i m u l a t i o n . Further a n a l y s i s of the data w i l l be 
needed t o v e r i f y the e x i s t e n c e of a v i s u a l r e s p o n s e . 
T i s s u e Examinat ion 
E v e n t u a l l y b r a i n t i s s u e from every animal was exam­
ined f o r v a l i d a t i o n of r e c o r d i n g l o c a t i o n s . The r e t i n a s 
from the exper imenta l group of an imals were compared wi th 
the r e t i n a s of the c o n t r o l group. There were no o b s e r v a b l e 
damaging e f f e c t s of l i g h t on the r e t i n a s of c o n t r o l r a t s 
exposed f o r an i n d e f i n i t e t ime to a c y c l i c p h o t o p e r i o d of 
14 hours of l i g h t and 10 hours o f darkness (F ig 1 6 , Frame 
A ) , A f t e r more than 1 5 0 days of exposure to cont inuous low 
l e v e l i l l u m i n a t i o n , no normal , i n t a c t p h o t o r e c e p t o r c e l l s 
were observed i n any r e t i n a l examinat ion from the e x p e r i ­
menta l group (F ig 1 6 , Frame B ) . The i n n e r n u c l e a r l a y e r 
appears t o be i n c l o s e p r o x i m i t y to the c h o r i o c a p i l l a r y 
c o a t , as the two l a y e r s are s epara ted only by a t h i n zone 




F igure 1 5 . Complex Response P a t t e r n - D e g e n e r a t e 
R e t i n a s (A Second Example) 
Figure 1 6 . Example of Normal I n t a c t R e t i n a and 
Ret ina Devoid o f Photoreceptor C e l l s 
Layers of the r e t i n a a r e : G-, g a n g l i o n ; IP , i n n e r 
p l e x i f o r m ; IN, i n n e r n u c l e a r ; OP, o u t e r p l e x i f o r m ; 
ON, o u t e r n u c l e a r ; R, r e c e p t o r c e l l ; P, pigment 





T h i s experiment has he lped to c h a r a c t e r i z e the 
response p a t t e r n s of neurons i n the l a t e r a l g e n i c u l a t e 
n u c l e u s (LGN) of c o n t r o l r a t s wi th i n t a c t r e t i n a s and, more 
i m p o r t a n t l y , i n the LGN of exper imenta l an imals wi th e x t e n ­
s i v e r e t i n a l d e g e n e r a t i o n . The c e l l s of the LGN of both 
animal groups can be c l a s s i f i e d a c c o r d i n g to t h e i r r e s p o n s e s 
to v i s u a l s t i m u l a t i o n of the c o n t r a l a t e r a l r e t i n a . The 
comparison of re sponse p a t t e r n s i n d i c a t e s t h a t d i s t i n c t i v e 
f e a t u r e s of the h i s t o g r a m s can d i f f e r e n t i a t e c e l l t y p e s . 
The d i s t i n q u i s h i n g c h a r a c t e r i s t i c s of the re sponse p a t t e r n 
h i s t o g r a m s i n c l u d e : 
( a ) a s i n g l e wave of e x c i t a t i o n , 2 0 - 3 0 msec 
f o l l o w i n g s t i m u l a t i o n , 10 msec d u r a t i o n 
( b ) a s i n g l e wave of decreased e x c i t a b i l i t y , 
5 0 - 8 0 msec f o l l o w i n g s t i m u l a t i o n 
( c ) s e v e r a l waves of e x c i t a b i l i t y , v a r y i n g 
from 2 0 - 1 4 0 0 msec i n d u r a t i o n 
(d) l ong d u r a t i o n ( g r e a t e r than 30 msec) 
wave of decreased e x c i t a b i l i t y 
Neurons from the LGN of an imals wi th normal r e t i n a s , 
can be d i v i d e d i n t o t h r e e d i s t i n c t c a t e g o r i e s a c c o r d i n g to 
t h e i r re sponse p a t t e r n to f l a s h e s of l i g h t . One group of 
LGN c e l l s respond to a f l a s h of l i g h t with a s i n g l e shor t 
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l a t e n c y ( 2 0 - 3 0 msec) wave of e x c i t a t i o n (3IMPLE-0N GROUP). 
These c e l l s t y p i c a l l y p o s s e s s a low r a t e ( 0 . 1 to 4 . 0 d i s ­
c h a r g e s / s e c o n d ) of c o n t r o l a c t i v i t y . Another group of 
c e l l s d i s p l a y a s u p p r e s s i o n i n the neuronal a c t i v i t y f o l ­
lowing the p r e s e n t a t i o n of a l i g h t f l a s h (SIMPLE-OFF GROUP) 
and u s u a l l y e x h i b i t h i g h r a t e s of c o n t r o l a c t i v i t y ( 1 0 - 3 0 
d i s c h a r g e s / s e c o n d ) . However, the l a r g e s t group of LGN 
c e l l s s t u d i e d from the c o n t r o l s u b j e c t s d i s p l a y f a r more 
complex response p a t t e r n s (COMPLEX GROUP) than those e s t a b ­
l i s h e d f o r the f i r s t two c e l l t y p e s . The a c t i v i t y evoked 
by the l i g h t f l a s h e s was demonstrated by s e v e r a l waves of 
e x c i t a t i o n and p e r i o d s of decreased e x c i t a b i l i t y . The 
l a r g e s t subgroup of COMPLEX c e l l s show a re sponse p a t t e r n 
evoked by f l a s h e s of l i g h t c h a r a c t e r i z e d by a s i n g l e shor t 
l a t e n c y ( 2 0 - 3 0 msec) wave of e x c i t a t i o n , f o l l o w e d by a 
p e r i o d of complete suppres s ion of neuronal a c t i v i t y and 
f i n a l l y a pro longed ( l o n g d u r a t i o n ) wave of e x c i t a b i l i t y . 
The re sponse p a t t e r n s of another group of COMPLEX c e l l s 
d i s p l a y t h r e e s h o r t d u r a t i o n ( 1 0 msec) waves of e x c i t a t i o n 
f o l l o w e d by a pro longed ( 3 0 0 - 1 4 0 0 msec) wave of e x c i t a ­
b i l i t y . 
A comparison of the re sponse p a t t e r n s to v a r i o u s 
p h o t i c s t i m u l i of neurons of the LGN i n c o n t r o l animals 
i l l u s t r a t e s the complex i ty w i t h i n c e l l t y p e s . In many 
i n s t a n c e s , the response p a t t e r n s of c e l l s of the 3IMPLE-0N 
group, evoked by f l a s h e s of l i g h t during an i n c r e a s e d 
ambient i l l u m i n a t i o n are not n e c e s s a r i l y s i m i l a r . However, 
most of the SIMPLE-ON c e l l s r e v e a l a s h o r t l a t e n c y wave of 
e x c i t a t i o n to the v i s u a l s t i m u l u s . The response p a t t e r n s 
of c e l l s o f the 3IMPLE-0PF grouv do not n e c e s s a r i l y r e v e a l 
a wave of suppressed a c t i v i t y , o r decreased e x c i t a b i l i t y , 
when i n f l u e n c e d by l i g h t f l a s h e s during an i n c r e a s e d b a c k ­
ground i l l u m i n a t i o n . C e l l s of the COMPLEX group demonstrate 
a v a r i e t y of re sponse p a t t e r n s during an i n c r e a s e d ambient 
i l l u m i n a t i o n . When i n f l u e n c e d only by an i n c r e a s e d ambient 
l i g h t , some COMPLEX c e l l s e x h i b i t a suppressed r a t e o f 
a c t i v i t y . T h i s c h a r a c t e r i s t i c of many COMPLEX c e l l s varys 
w i th r e s p e c t to t ime d u r a t i o n and degree of s u p p r e s s i o n . 
In some i n s t a n c e s , a t o t a l s u p p r e s s i o n of a c t i v i t y was 
ev ident 10 msec f o l l o w i n g s t i m u l a t i o n . A gradual i n c r e a s e 
i n the neurona l a c t i v i t y f o l l o w e d the p e r i o d of s u p p r e s s i o n . 
In a few i n s t a n c e s , COMPLEX c e l l s d i s p l a y unusual r h y t h m i c -
i t y i n the number of a c t i o n p o t e n t i a l s evoked by succeed ing 
f l a s h e s of l i g h t . 
A comparison of re sponse p a t t e r n s of LGN c e l l s from 
the exper imenta l and c o n t r o l an imals was des igned t o encour­
age an unders tanding of the f u n c t i o n a l d i f f e r e n c e between 
the two g r o u p s . The response p a t t e r n s of the LGN c e l l s 
from the exper imenta l a n i m a l s , whose r e t i n a s were devo id of 
p h o t o r e c e p t o r c e l l s , to f l a s h e s of l i g h t d i s p l a y f e a t u r e s 
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of the response p a t t e r n s of the c o n t r o l data COMPLEX c e l l 
t y p e . Response p a t t e r n s of neurons of the exper imenta l 
group show a s i n g l e short l a t e n c y ( 7 0 to 120 m s e c ) , s h o r t 
d u r a t i o n ( 1 0 - 2 0 msec) wave of e x c i t a t i o n , f o l l o w e d by a 
s u p p r e s s i o n of neuronal a c t i v i t y . However, no p r o l o n g e d , 
l o n g d u r a t i o n waves of e x c i t a t i o n or suppressed a c t i v i t y 
beyond 230 msec from the s t i m u l u s , were ev ident i n the 
response a c t i v i t y to a f l a s h of l i g h t . An obvious s i m i l a r ­
i t y between the c o n t r o l and exper imenta l data i s the a n t a ­
g o n i s t i c e f f e c t between the i n c r e a s e d ambient i l l u m i n a t i o n 
and the f l a s h e s of l i g h t . No waves of e x c i t a t i o n were seen 
when both s t i m u l i were s i m u l t a n e o u s l y p r e s e n t e d to the 
r e t i n a . While the s i m i l a r i t i e s i n evoked re sponses s u g ­
g e s t s a normal f u n c t i o n a l LGN i n animals with r e t i n a l 
damage, the data i s not i n c o n s i s t e n t wi th the p o s s i b i l i t y 
of an a l t e r a t i o n i n f u n c t i o n . 
T h i s exper iment , and r e s u l t s from o t h e r exper imenta l 
l a b s (Kimura, 1 9 6 2 ; Fukuda, S u g i t a n i and Iwana, 1 9 7 3 ) u s i n g 
p h o t i c s t i m u l a t i o n of the r e t i n a to s tudy v i s u a l f u n c t i o n , 
l e a v e s s e v e r a l u n r e s o l v e d q u e s t i o n s . I t remains u n c l e a r 
why p a r t i c u l a r c e l l s of the LGN of c o n t r o l an imals respond 
in very complex manners, producing s e v e r a l r e s p o n s e s wi th 
long l a t e n c i e s to a s i n g l e f l a s h of l i g h t . C o n v e r s e l y , why 
o t h e r LGN c e l l s produce s imple response p a t t e r n s remains 
u n c l e a r . The s tudy of response p a t t e r n s of LGN c e l l s from 
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c o n t r o l an imals i s no t n e a r l y comple t e . Improvement i n 
p h o t i c s t i m u l a t i o n t echn iques would a l l o w f o r g r e a t e r d i v e r ­
s i t y i n p r e s e n t i n g v i s u a l s t i m u l a t i o n . An unders tanding of 
the c o n n e c t i o n s w i t h i n the LGN i s e v e n t u a l l y n e c e s s a r y ( s e e 
Chapter 2 , LITERATURE REVIEW, Proposed Model o f the LGN) to 
p r e d i c t c e l l "behavior t o complex v i s u a l c o n d i t i o n s . . An 
e q u a l l y important q u e s t i o n a r i s e s as t o what r e t i n a l e l e ­
ments a r e n e c e s s a r y to support v i s u a l f u n c t i o n . A more 
e x t e n s i v e s tudy of response p a t t e r n s produced from e x p e r i ­
mental an imal s wi th d e g e n e r a t i v e r e t i n a s i s o b v i o u s l y 
needed to unrave l the d i f f e r e n c e s i n v i s u a l i n f o r m a t i o n 
t r a n s f e r . The mechanism by which an animal devo id of 
p h o t o r e c e p t o r c e l l s , can p e r c e i v e v i s u a l cues and t r a n s m i t 
v i s u a l i n f o r m a t i o n a long the c e n t r a l nervous system i s 
u n r e s o l v e d . The p r o c e s s of t r a n s d u c t i o n w i t h i n the degen­
e r a t e r e t i n a might a l s o a i d i n unders tanding v i s u a l i n f o r -
m a t i o n t r a n s f e r i n the c e n t r a l nervous sys tem. Al though 
extremely d i f f i c u l t , i n t r a c e l l u l a r r e c o r d i n g from the r e ­
t i n a of an imal s wi th v a r i o u s s t a g e s of d e g e n e r a t i o n cou ld 
h e l p to unders tand the p r o c e s s of t r a n s d u c t i o n . "Whether 
t h i s s tudy might a s s i s t i n unders tanding i n f o r m a t i o n t r a n s ­
f e r i n the mammalian v i s u a l system i s l e f t f o r f u t u r e r e ­
s e a r c h e r s t o r e s o l v e . I n c o n c l u s i o n , a l though v i s u a l i n f o r ­
mation has been recorded from exper imenta l an imals wi th 
r e t i n a l damage, many q u e s t i o n s remain unanswered. 
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